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(b) Executive Summary 
 
DuPont Industrial Biosciences (Danisco US, Inc.), formerly Genencor International, Inc., has 

constructed a Saccharomyces cerevisiae strain, S. cerevisiae A10 (GICC03457) hereinafter called 

S. cerevisiae 3457, with added glucan 1,4 α-glucosidase (glucoamylase) (EC 3.2.1.3; CAS# 9032-

08-0) and Amylase (Alpha-amylase) (EC 3.2.1.1; CAS# 9000-90-2) activities, and has determined 

that the microorganism is new under Section 5 of the Toxic Substances Control Act.   
 

The genes expressed in S. cerevisiae 3457 are (see Appendix 1 and 3 for a detailed description of 

the strain construction): 

- Glucan 1,4 α-glucosidase (glucoamylase) (EC 3.2.1.21; CAS# 9001-22-3) from 
Trichoderma reesei (this transformation was also in MCAN J-13-0010, which was dropped 
from review on 11/10/13). 

Production of T. reesei glucoamylase is accomplished by transformation of S. cerevisiae with 3-6 
copies of an expression cassette (native FBA1 promoter-T. reesei glucoamylase variant CS4 fused in 
frame with the secretion signal portion of the endogenous S. cerevisiae invertase SUC2 gene-native 
FBA1 terminator).  The synthetic glucoamylase gene CS4 is a protein-engineered variant of the native 
T. reesei glucoamylase gla1 gene (GenBank Accession no. GL985056, T. reesei, v2.0 Scaffold 1, 
1490666 to 1492814). CS4 is based on a cDNA version of gla1 codon optimized with modification of 
five amino acids followed by reintroduction of the native introns. The CS4 variant glucoamylase was 
described previously in MCANs TS0VSMC3 (J-10-0003) and TS0VSMC5 (J-13-0010). 
Transformants were isolated and examined for glucoamylase production. One transformant was 
chosen, and called S. cerevisiae strain FG56. 

 

- Amylase (alpha-amylase) (EC 3.2.1.1; CAS# 9000-90-2) from Bacillus subtilis. 

Production of B. subtilis alpha-amylase is accomplished by transformation of S. cerevisiae  FG56 
with at least one copy of an expression cassette (B. subtilis alpha-amylase 4A5 coding sequence is 
fused to the coding sequence of the S. cerevisiae MF(ALPHA)1 secretion signal peptide;  the 
resulting fusion open reading frame is fused to both the S. cerevisiae FBA1 promoter and terminator 
and the S. cerevisiae PGK1 promoter and FBA1 terminator). The expression cassette contains both of 
these fusions. This expression cassette is integrated into the chromosomal DNA of S. cerevisiae 
FG56, resulting in the final strain A10. The synthetic alpha-amylase gene amyE$4A5 is a protein-
engineered variant of the native B. subtilis alpha-amylase amyE gene (GenBank Accession no. 
JA365527.1). AmyE$4A5 is based on a cDNA version of the protein-engineered variant.  Numerous 
transformants were isolated and examined for both glucoamylase and alpha-amylase production. One 
transformant was chosen, and called strain S. cerevisiae A10.  

 

All genetic elements including promoters and terminators inserted into the new strain are of S. 
cerevisiae origin, with the exception of the T. reesei glucoamylase CS4 gene and the B. subtilis 
AmyE$4A5 gene. The S. cerevisiae acetolactate synthase (ilv2), enabling the new organism to 
grow on synthetic minimal medium containing chlorimuron, was used as a selectable marker for 
the amylase expression cassette.  The S. cerevisiae orotidine-5-phosphate decarboxylase, able to 
complement for uracil auxotrophy, was used as a selectable marker for the glucoamylase enzyme.  
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Saccharomyces cerevisiae FerMaxTM Gold label (also referred to as S. cerevisiae FerMaxTM Gold 
or FerMaxTM Gold) was chosen as the parent strain for transformation as it is recommended for use 
in ethanol fermentations, in particular, for application in the grain ethanol industry.  
FerMaxTM Gold is propagated by Martrex, Inc. (P.O. Box 1709, 14525 Highway 7, Minnetonka, 
Minnesota 555345-3793, USA) and was purchased commercially. FerMaxTM Gold is a non-GM 
strain that has enhanced heat and ethanol tolerance as compared to wild type yeast. 

 

The new strain, S. cerevisiae 3457, will be used primarily in manufacture of fuel ethanol. It carries 

the expressed genes integrated within the genome as expression cassettes consisting only of yeast 

and synthetic DNA (fungal and bacterial origin). No antibiotic resistance markers were inserted 

into the new microorganism.  
 
A complete description of the production strain is provided in this submission.   
 

The production of the glucoamylase/alpha-amylase expressing S. cerevisiae strain3457 is 

performed under Good Industrial Large Scale Practice (GILSP) containment, in closed 
fermentation systems using pure cultures. A description of the manufacturing steps including 
control technology is provided. The S. cerevisiae strain will be manufactured in existing 
manufacturing plants owned and operated by DuPont Industrial Biosciences. The yeast will be 

dried at a certified subcontractor and the resulting active dried yeast (ADY) product will be 

supplied to customers’ fuel ethanol plants, where the microorganisms contained in the preparation 
will be inactivated after the starch conversion to ethanol is completed. 
 
 
(c) Confidential Business Claims 

  
DuPont Industrial Biosciences are claiming certain strain construction, production process and 
volume information as confidential.  Below are the answers to questions provided in ‘Points to 
Consider in the Preparation of TSCA Biotechnology Submissions for Microorganisms,’ pp. 52-53. 
  

C. General questions: 
 
1. For what period of time is a claim of confidentiality being asserted?    
 
We request the strain information, production process and volume information be kept confidential 
for the indefinite future.  Release of this information will give competitors knowledge about key 
components of this proprietary strain, the production process, cost structure and size of the facility.  
This information will give them unfair advantage on pricing and teach them DuPont Industrial 
Biosciences’ proprietary production process.   
 
We also request that the strain construction information be kept confidential for the indefinite 
future.  As DuPont Industrial Biosciences has provided very detailed descriptions of not only the 
strain construction but also strain development strategies that will be employed on an ongoing 
basis, no finite time deadline can be identified at which CBI status will lapse. 
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2. Briefly describe any physical or procedural restrictions within the company or institution 
relating to use and storage of the information claimed as confidential.  

 
The confidential information that relates to manufacturing operational procedures that are part of 
the company’s internal operations documentation is being claimed as confidential. Procedures are 
written and noted for “internal” use only. There is restricted access to the plant facility limiting 
information exchange with outside persons.  The confidential information that relates to strain 
construction is maintained as part of the intellectual property of the company. 

 
All DuPont Industrial Biosciences employees sign confidentiality agreements.  They are informed 
that this type of information is confidential.  Disclosure beyond employees only occurs (1) to 
companies that are contractually bound to preserve confidential status, and (2) to government 
agencies under appropriate, narrow circumstances. 

 
3. Has the information claimed as confidential been disclosed to others outside of the company or 
institution?  
 
DuPont Industrial Biosciences process information is considered proprietary and is not disclosed to 
others outside the company.  If vendors or others need to enter the production areas, it is 
encouraged to obtain a Non-Disclosure Agreement to safeguard against loss of confidential 
information.  Production strain construction information is similarly considered confidential and is 
not disclosed to others outside the company. 
 
4. Does the information claimed as confidential appear, or is it referred to, in any of the following: 
 
(1) Advertising or promotional materials for the microorganism or the resulting end product  
 
No.  DuPont Industrial Biosciences is a technology company.  Our intellectual property is critical 
to maintain and all employees must adhere to a strict internal review process with regard to 
disclosure of information that is or might be valuable.   
 
(2) Material safety data sheets or other similar material for the microorganism or the resulting 
end product  
 
No.  Product MSDS disclosure is generally limited to exposure limits, clean-up recommendations 
and toxicity data.  Formulation ingredients may be listed. 
 
(3) Professional or trade publications  
 
No.  While DuPont Industrial Biosciences may publish some details of host strain characteristics, 
production strain construction is proprietary and not subject to publication. 

 
(4) Any other media available to the public or to your competitors  
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No.  Equipment vendors occasionally ask if we can be mentioned as a user of their equipment – 
that is normally approved at corporate level.  Strain development techniques and strategies are not 
made public to the public or competitors. 

 
 

(5) Patents 
 
No.   While some strain construction elements claimed to be confidential are the subject of patent 
publications, the production strain construction details of any particular strain are proprietary and 
not stipulated in patent publications held by DuPont Industrial Biosciences. 
 
(6) Local, State or Federal Agency public files 
 
No, to the best of our ability confidential information is not disclosed in these public files. 
 
5. Has EPA, another Federal agency, a Federal court, or a State made any confidentiality 
determination regarding the information claimed as confidential?  
 
No. 
 
6. For each type of the information claimed as confidential, describe the harm to the company or 
institution’s competitive position that would result if this information were disclosed.    
 
There are several types of confidential information: 
(1) Production quantities; 
(2) Process descriptions and chemicals; 
(3) Unit operation descriptions & process flow diagram; 
(4) Possible organism release points; 
(5) Possible worker exposure; 
(6) Production strain Construction, including the identity of the newly introduced genetic elements. 
     
(1) Dissemination of planned production volumes would indicate to competitors the scale of 
DuPont Industrial Biosciences’ product introduction.  Armed with this information, knowledgeable 
competitors could predict the target market(s) and allow them to build focused strategies to thwart 
the product introduction.  Our company’s future is highly dependent on successful introduction of 
valuable new technologies such as this.  
(2) Dissemination of a process description would advance a competitor’s process and product 
development capabilities in general, and potentially would also allow them to quickly develop a 
similar product. 
(3) Dissemination of unit operations and particularly of a process flow diagram would also allow a 
competitor to analyze the process yield and determine the cost of manufacturing. This information 
would give a competitor an unfair competitive advantage against DuPont Industrial Biosciences. 
For example, a competitor armed with DuPont Industrial Biosciences’ production cost information 
could price their product such that Danisco would be excluded from the market. 
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(4) Dissemination of possible organism release points tells a competitor what type of equipment is 
being used to contain and process the organism and the product. This is valuable information 
leading to pricing and/or process determinations. 
(5) Dissemination of possible worker exposure as in #4 tells a competitor what type of equipment 
is being used, the number of persons involved in controlling the process and the duration of their 
potential exposure. 
(6) Disclosure of the newly introduced genetic elements would teach a competitor which enzyme 
activities to introduce into the host organism to maximize biomass conversion efficiency; 
dissemination of strain construction techniques and strategies for developing a particular 
production organism tells a competitor which genes in the host organism to manipulate in order to 
maximize target enzyme production.  In addition, such dissemination would teach competitors how 
to manipulate the noticed host gene sequences and inserted sequences in such ways that may 
overcome DuPont Industrial Biosciences’ competitive advantage in the use of the host organism as 
a safe and suitable production organism for ethanol fermentations. 
 
Making this information available to competition will allow them to analyze DuPont Industrial 
Biosciences’ technical capabilities, production and cost structure and give them an unfair 
advantage in the market place.  
 
7. If EPA disclosed to the public the information claimed as confidential, how difficult would it be 
for the competitor to enter the market for the resulting product? 
 
Competitors have already entered this emerging market. If fully disclosed, competitors would have 
no trouble ‘reverse-engineering’ our product, process, or parts of our process, and this would allow 
them a competitive advantage in the specific target market for this product and in other markets.  
The new product is a very much enhanced version of an existing product with complementary side 
activities. Competitor introduction of a similar product would require specialized genetic technical 
expertise to construct the production microorganism and development of a specialized process to 
produce the intended end product.  Competitors clearly have the expertise to do this type of work.  
Dissemination of our confidential information could very well lead to disastrous effects for 
Danisco in our target market.   
 
 
(d) Submitter Identification 
 

(1)  Name 
 Danisco US, Inc. 
 (operating as DuPont Industrial Biosciences)  
 
 Headquarters address 

3490 Winton Place 
Rochester, NY 14623  

 
(2) Name, address, and phone number for the principal technical contact 

 Vincent J.H. Sewalt 
 Senior Director of Product Stewardship & Regulatory 
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 925 Page Mill Road 
 Palo Alto, CA 94304 
 (650) 846-5861 
 vincent.sewalt@dupont.com 
 
 

(e)  Microorganism Identity Information 
 

(1) Description of the recipient microorganism and the new microorganism 
 

(i)  Data substantiating the taxonomy of the recipient and new microorganism 
to the strain level  
 

The S. cerevisiae recipient strain used to create the new microorganism, S. 

cerevisiae A10 (GICC03457), is a non-GM strain, which has been used widely in 

the commercial production of fuel ethanol in North America for several years (see 

e.g. Glenn & Galvez, 2009). The species identity of the new microorganism has 

been confirmed through molecular sequencing.  
 
The taxonomic identity of the donor strains is described under (e)(2)(i). 
 
(ii) Information on the morphological and physiological features of the new 
microorganism 

 
Saccharomyces cerevisiae cultures are typically fast growing at 28-33°C (Sherman 
2002).  At 37°C and above, growth rate is slower. Colonies appear white on media 
such as synthetic dextrose agar (SD) or richer media such as yeast extract, peptone 
and dextrose agar (YPD). Colonies are usually round. A characteristic sweet and 
alcoholic odor is produced by the culture. These features also apply to the new 
microorganism.   
 
(iii) Other specific data by which the new microorganism may be uniquely 
identified for Inventory purposes 

 
Features for unique identification for Inventory purposes are described above in 
(e)(1)(ii). 

 
The new microorganism can be uniquely identified for Inventory purposes by using 
molecular biological methods such as PCR analysis using primers specific for the 

integrated genes. The strain is capable of producing high levels of glucoamylase 

and alpha-amylase, detectable by the ability of the strain to grow on plates 

containing starch or maltodextrin as a sole carbon source. In addition, the final 

strain is able to grow on media with chlorimuron. An Identification Kit guiding 

identification of the production strain is available (see Appendix 4). 
 



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 11 of 116 

(2) Genetic construction of the new microorganism 
(i) Data substantiating the taxonomy of the donor microorganisms 
 

The orotidine 5-phosphate decarboxylase (ura3) gene used as a selectable marker in 
constructing S. cerevisiae FG56 was obtained from synthetic Saccharomyces DNA 
identical to the S. cerevisiae genomic sequence (GenBank Accession no. K02207).    
The acetolactate synthase (ilv2) gene used, as a selectable marker in the 
construction of the new microorganism A10 was obtained from DNA identical to 
the S. cerevisiae genomic sequence (GenBank Accession no. K02207).    
 

The synthetic glucoamylase gene CS4 is a protein-engineered variant of the native 
Trichoderma reesei glucoamylase gla1 gene (GenBank Accession no. GL985056, 
T. reesei, v2.0 Scaffold 1, 1490666 to 1492814). CS4 is a based on a cDNA version 
of gla1 with modification of five amino acids followed by reintroduction of the 
native introns. The CS4 variant glucoamylase was described previously in MCANs 
TS0VSMC3 (J-10-0003) and TS0VSMC5 (J-13-0010), for more details see Appendix 
3.  The protein-engineered glucoamylase gene CS4, fused in frame with the native 
secretion signal portion of the S. cerevisiae invertase gene SUC2 (encoding the 
signal peptide of Suc2p), was synthesized de novo based on the genomic sequences 
of T. reesei gla1 and S. cerevisiae SUC2 (GenBank Accession no. AB534212).  
 
The donor strain used as a source for the synthetic glucoamylase variant gene CS4 was 
Trichoderma reesei QM6a. The taxonomy of the genus Trichoderma is still under 
revision. As a result some strains are known in literature as T. longibrachiatum that are 
actually T. reesei. Strain QM6a is present in several public culture collections, e.g. in 
the American Type Culture Collection as ATCC 13631. T. reesei has more recently 
been identified as a clonal derivative or anamorph of Hypocrea jecorina (Kuhls et al. 
1996, Dugan 1998). On September 5, 2012 EPA proposed a rule to add T. reesei to 
the list of 10 recipient microorganisms (40 CFR 725.420) that are eligible for (Tier 
1) exemptions from full chemical notification requirements under TSCA.  
 
The synthetic alpha-amylase gene AmyE$4A5 is a protein-engineered variant of the 
native AmyE alpha-amylase gene (GenBank Accession no. JA365527.1 
AmyE$4A5 is based on a cDNA version of amyE, differing only by 8 amino acids. 
The protein-engineered alpha-amylase gene amyE$4A5, fused in frame with the 
secretion signal sequence of the S. cerevisiae MF(ALPHA)1, was synthesized de 
novo based on the genomic sequences of B. subtilis AmyE and S. cerevisiae 
MF(ALPHA)1 (Gen Bank NC_001148) 
 
An extensive risk assessment of B. subtilis, including its history of commercial use 
has been published by the US Environmental Protection Agency. It was concluded 
that B. subtilis is not a human pathogen nor is it toxigenic. In addition to being on 
the list of exempted recipient micro-organisms (per § 725.420), B. subtilis is 
accepted as a safe host for the construction of Risk Group I Genetically Modified 
Microbes (GMMs) in several countries (e.g., Germany and the Netherlands), and 
exempted as a host of certified host-vector systems under the NIH Guidelines.   
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(ii) Description of the traits for which the new microorganism has been selected 
or developed and other traits known to have been added or modified 

 

Wild-type S. cerevisiae does not produce amylases, and cannot grow on starch as 

the sole carbon source. The new microorganism, S. cerevisiae 3457, was developed 

to produce enzyme activity involved in the hydrolysis of starch into simple sugars 

that can be fermented to ethanol.  During the strain construction, the new organism 

can be selected by growth on chlorimuron.  

 
(iii) A detailed description of the genetic construction of the new 
microorganism, including the technique used to modify the microorganism; 
including a description of the introduced genetic material, including any 
regulatory sequences and structural genes and the products of those genes, how 
the genetic material is expected to affect behavior of the recipient; expression, 
alteration, and stability of the genetic material; methods for vector 
construction and introduction; and a description of the regulatory and 
structural genes that are components of the introduced genetic material, 
including genetic maps of the introduced sequences 

 

In summary, the parent strain S. cerevisiae FerMaxTM Gold was transformed with a 

DNA fragment synthesized de novo that contained T. reesei glucoamylase (EC 

3.2.1.3; CAS# 9032-08-0) variant CS4 fused in frame with the secretion signal 

portion of the endogenous S. cerevisiae invertase SUC2 gene (encoding the signal 

peptide of Suc2p). Following, the glucoamylase gene was placed under the 

expression signals of the endogenous S. cerevisiae FBA1 gene, and 2-6 copies of the 

expression cassette were integrated into delta sequences of the recipient genome 

using the endogenous S. cerevisiae URA3 gene as a selectable marker. This resulted 

in strain S. cerevisiae FG56, which was previously described in MCAN TS-0VSMC5 

(J13-10).  

 

Subsequently, S. cerevisiae strain FG56 was transformed with a DNA fragment 
synthesized de novo that contained a B. subtilis alpha-amylase EC 3.2..1: CAS#9000-
90-2) variant AmyE$4A5 fused in frame with the secretion signal of the endogenous S. 
cerevisiae mating factor MFALPHA1 gene. Following, the alpha-amylase gene was 
placed under the expression signals of the endogenous S. cerevisiae FBA1 promoter 
and terminator and the endogenous S. cerevisiae PGK1 prmoter and FBA1 terminator. 
The expression cassette contains both of these fusions. This expression cassette was 
integrated into delta sequences of the chromosomal DNA of S. cerevisiae FG56, 
resulting in final strain A10. 

All these modifications were performed in such a way that no bacterial vector DNA 
remains present in the strain. No antibiotic resistance markers were inserted into the 
new microorganism. The final production strain was characterized by Southern 
blotting and PCR analyses. 
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A schematic overview of how the production strain was constructed is attached as 
Appendix 1; followed by a detailed description of the genetic construction of the 
new microorganism attached as Appendix 3. 

 
 

(3) Phenotypic and ecological characteristics 
 

(i) Habitat, geographical distribution, and source of the recipient 
microorganism 

 
Saccharomyces cerevisiae is ubiquitous in nature. It has been recovered from a 
variety of sites under varying ecological conditions; mostly present on fruits, grains 
and other sources with a high concentration of carbohydrates, but is also common in 
soils. S. cerevisiae is not airborne, but needs a vector (e.g. an insect) to move within 
and between habitats. It is predominantly associated with environments favoring 
fermentation (preferring low to neutral pH) and is able to utilize several different 
carbohydrates depending on the type of metabolism involved (aerobic or anaerobic) 
as well as a wide variety of nitrogen sources. 
 
(ii) Survival and dissemination under relevant environmental conditions 
including a method for detecting the new or recipient microorganism(s) in the 
environment and sensitivity limit of detection for these techniques 

 
S. cerevisiae cultures are typically fast growing at 28-33°C (Sherman 2002). At 
37°C and above, growth rate is slower. Colonies appear white on media such as 
synthetic dextrose agar (SD) or richer media such as yeast extract, peptone and 
dextrose agar (YPD. Colonies are usually round.  A characteristic sweet and 
alcoholic odor is produced by the culture. These features also apply to the new 
microorganism. 
 

The parent S. cerevisiae strain FerMaxTM Gold is a diploid and under right 

conditions can form spores.  The spores can germinate and the resulting haploid 
cells could mate to form diploid strains again.  

 
The new microorganism does not produce spores significantly during DuPont 
Industrial Biosciences’ fermentation process. Spores that are present in the biomass 
waste are not resistant and are inactivated during biomass waste treatment before 
disposal.  

 
It is not expected that the modifications will significantly affect the survival of the 
organism. This is supported by several survival studies on S. cerevisiae that have 
compared wild-type yeast and genetically modified yeast; they conclude that the 
genetically modified variants do not survive better than the wild-type (Broker 1990, 
Fujimura et al. 1994, Ando et al. 2005, Valero et al. 2005). 
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The new microorganism can be selected for using the features described under 

(e)(1)(ii) and (e)(1)(iii) above; including the ability to grow on media without uracil 

and in the presence of chlorimuron.  

 
Once candidate production strain colonies have been isolated these can be identified 
using molecular biological methods like PCR analysis using primers specific for the 
integrated genes. An Identification Kit guiding identification of the production 
strain is available (see Appendix 4). 

 
(iii) A description of anticipated biological interactions with and effects on 
target organisms and other organisms; a description of host range; a 
description of pathogenicity, infectivity, toxicity, virulence, or action as a 
vector of pathogens; and capacity for genetic transfer under laboratory and 
relevant environmental conditions 

 
S. cerevisiae is a non-pathogenic fungus (see (j)(2)(i) below), and as such does not 
have a mammalian host nor does it have significant interactions with other 
organisms, other than saprophytic ones.  

 
No vector bacterial DNA used in creation of the new microorganism remains in the 
new microorganism. Since no vector sequences are present in the final strain, the 
transfer frequency of the integrated expression cassettes is the same as for any other 

chromosomal sequence. The transforming DNA consisted of two expression 

cassettes consisting of synthetic DNA (of fungal and bacterial origin) including: 

 

• Glucoamylase (4-α-D-glucan glucohydrolase) cassette 

o The modified T. reesei glucoamylase CS4 variant gene 

o The native S.  cerevisiae SUC2 gene 

o The native S.  cerevisiae FBA1 promoter 

o The native S.  cerevisiae FBA1 terminator 

o A selectable S. cerevisiae URA3 marker gene, encoding orotidine 5-

phosphate decarboxylase. 

o Flanking regions consisting of the endogenous S. cerevisiae delta 

sequences. 

o 64 bp remnant overlap sequence (non-coding) of the 

Zygosaccharomyces rouxii (budding yeast) acetamidase gene amdS; a 

well-known marker (non-antibiotic resistance) gene originating from 

a previous cloning step. 

• Alpha-amylase cassette 

o The modified B. subtilis alpha-amylase AmyE$4A5 variant gene 

o The native S.  cerevisiae MFALPHA1gene 

o The native S.  cerevisiae FBA1 promoter 

o The native S.  cerevisiae FBA1 terminator 

o The native S. cerevisiae PGK1 promoter 
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o The native S. cerevisiae FBA1 terminator 

o A selectable S. cerevisiae ILV2 marker gene, encoding acetolactate 

synthase  

o Flanking regions consisting of the endogenous S. cerevisiae delta 

sequences. 

 
  

(iv) A description of anticipated involvement in biogeochemical or biological 
cycling processes; involvement in rate limiting steps in mineral or nutrient 
cycling, or involvement in inorganic compounds cycling (such as possible 
sequestration or transformation of heavy metals) 

 
S. cerevisiae is a facultative anaerobic saprophytic fungus. It is predominantly 
associated with environments favoring fermentation (preferring low to neutral pH) 
and is able to utilize several different carbohydrates depending on the type of 
metabolism involved (aerobic or anaerobic) as well as a wide variety of nitrogen 

sources. Although the new microorganism can produce glucoamylase and alpha-

amylase, which is involved in the metabolism of carbohydrates, it is not expected to 

proliferate in the environment (see (e)(3)(ii) above).  
 
 
(f) Byproducts – A description of byproducts resulting from the manufacture, processing, 
use, and disposal of the new microorganism 

 
The primary S. cerevisiae-containing byproduct will be inactivated S. cerevisiae 
mixed with the byproducts of fermenting carbohydrate feedstock to ethanol, 
including feedstock components such as minerals, protein, fiber, oils, and non-
digested sugars.   
 

In addition to ethanol, S. cerevisiae 3457 will produce volatile, semi-volatile and 

soluble organic metabolites in low to moderate concentrations, which are commonly 
associated with ethanol fermentation processes. Air and water emissions containing 
these volatile organic and water soluble compounds will meet applicable 
environmental permit limits. 
 

No community exposure to viable S. cerevisiae 3457 is expected, since the 

organism is inactivated (cell kill).  In the yeast production and ADY manufacturing 
process, the cells are inactivated in the waste stream by using a combination of 
heat/temperature and pH.  In the customer process (ethanol fermentation), the cells 
are inactivated during the ethanol distillation process and the distiller’s grains 
drying process.  During the distillation process, the cell matter is heated to greater 
than 80ºC and the distiller’s grains drying process is in excess of 100ºC (providing 
adequate temperature for cell kill). Likewise, no community exposure to viable S. 
cerevisiae is anticipated from any of the byproducts or residuals generated in the 
downstream processes. 
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(g) Information on production volume 

 
The new microorganism will be used in a fed-batch process to manufacture the 
desired ethanologen product.  For each batch, the volume of the broth at harvest will 

be approximately 75,000 L. At a cell density of 90-100 g/kg dry cell weight 

(DCW), there will be approximately 6000-7000 kg DCW and 30,500 kg of wet cell 

mass produced per fermentor batch.  Using bench scale experiments that model the 

large-scale production process, we have determined that 90-100 g/kg DCW at the 

end of fermentation is equivalent to approximately 2-3 x 109 CFU/g. 

The broth will be washed, centrifuged and made into a stable intermediate cream of 

approximately 200-240 g/kg DCW.  There will be approximately 35,000 kg of 

cream at this point.  The cream is then filtered, extruded and dried at low/moderate 

temperatures to form an Active Dry Yeast (ADY) product. The dry cell weight of 

the final product is 920-950 g/kg (5-8% moisture) equivalent to approximately 2-5 

x 1010 CFU/g. 

 

The volume of production of the new organism depends on the demand for the 

improved yeast ethanologen. The table below approximates the cell mass to be 

produced in the next three years: 
 

Production volume of new 
organism   
 

   

Year # of 
batches 

DCW 
(kg) per 
batch 

Total Dry 
Cells Mass 
Produced 
(kg) 

Total Wet 
Cell Mass  
Fermenta-
tion Broth 
(kg) 

Total Wet Cell 
Mass Concen-
trated Cream (kg) 

Total ADY  
produced 
(kg) 

1 29 7125  206,625  2,175,000  885,536 166,388 

2 154 7125  1,097,250 11,550,000  4,702,500 883,575  

3 216 7125  1,539,000  16,200,000  6,595,714 1,239,300  

 
  
(h) Use information  
  

The new microorganism, S. cerevisiae strain 3457, will be used to manufacture 

yeast ethanologen at DuPont Industrial Biosciences-controlled facilities and stored 
in approved controlled facilities. The product has application in industrial biofuel 

manufacture from biomass and grain. The ethanologen, enriched with glucoamylase 

and alpha-amylase activity, allows for efficient and more complete conversion of 

pretreated carbohydrate feedstock into ethanol. The ethanologen will be inactivated 

during the ethanol distillation and removed from the fuel; and thus will only be 
present as inactivated cell mass in the residual distiller’s grains (assuming grain 
feedstock) or biomass (assuming cellulosic biomass feedstock).   
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One such ethanol plant processing grain feedstock, Cardinal Ethanol LLC, a 100 

million gallon ICM design ethanol plant located in Union City, Indiana,  will use 

the improved ethanologen in their ethanol manufacture process (a process map is 
presented in Appendix 5). 
 
The ADY ethanologen will be transported in vacuum sealed oxygen/air proof 
(Mylar) bags from the DuPont Industrial Biosciences facility (see section (i)(1)(ii) 
below) to the ethanol plant. The ethanologen in ADY product form will be stored on 
site in an appropriate storage area.  
 
The ethanologen is added to a propagation tank where grain (corn) liquefact has 
been prepared using various materials such as accessory enzymes (e.g. 
glucoamylase, amylase, protease, phytase, etc.), a nitrogen source (e.g. urea), and 
specific salts/mineral to enhance yeast health.  The ethanologen can be added 
directly to the tank or can be added to a mixing tank and transferred through process 
piping. The resulting hydrolysate containing all biomass and enzyme is then 
pumped in its entirety by a closed process to the large main ethanol fermentor.   
 
The large main fermentor is prepared in a similar manner as the propagation tank by 
adding various materials to the liquefact such as accessory enzymes (e.g. 
glucoamylase, amylase, proteases, phytase, etc) and a nitrogen source (e.g. urea, 
ammonia). This prepared liquefact plus the entire contents of the propagation tank 
are then fermented for 40-60 hrs to process all the available starch. Upon 
completion of fermentation, this material is distilled to remove the ethanol from the 
aqueous components (water and solid mash components which includes the 
ethanologen). This aqueous process stream which includes the ethanologen is called 
stillage. This stillage is further processed to remove water and oil to create the target 
co-products of corn oil, syrup, WDGS (wet distiller grains with solubles), and 
DDGs (dried distillers grains with solubles).   
 
The subject strain will be used for ethanol production on industrial scale; the current 
industry standard is between 730,000-807,000 gallons (2,800-3100 m3). As the 
technology and economy of scale develops, this will likely continue to increase.     .  
The current industry operating scale is between 50-100 million gallons ethanol per 
year, but larger plants are likely as the industry develops.   
 
At the ethanol manufacturing plants, the potential for worker exposure to viable S. 

cerevisiae 3457 will occur at the tank addition step similar to additions of current 

ethanologen.  
 
The primary byproducts from the fermentation of grain (e.g. corn) to ethanol are 
carbon dioxide, corn oil, syrup and residual corn and biomass solids in a wet form 
called wet cake and a dry form called DDGs. The wet cake and DDGs will contain 
inactive S. cerevisiae biomass and inactivated enzyme proteins. The carbon dioxide 
as a result of fermentative metabolism is generally vented from the fermentation 
tanks as off-gas and in some plants recovered through compression. The corn oil is 
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separated via centrifugation from the aqueous process stream (stillage) during the 
evaporation process.  The syrup is the final concentrated stillage from the 

evaporator. Air from the fermenters exhausts through the CO2 scrubber and is 

treated with ammonium bisulfite.  The scrubber water flows to the cook tank which 

is maintained at >80ºC and will inactive the yeast. The water from the cook tank is 

recycled back into the process.     

 
 
(i) Worker exposure and environmental release  
 

(1) For sites controlled by the submitter 
 

(i) Identity of the site where the new microorganism will be manufactured 
 

The stock culture and seed vial lot preparation of this new microorganism will be 
conducted at the DuPont Industrial Biosciences manufacturing facility in Rochester, 
New York.  The address is: 
 
Danisco US, Inc. 
1700 Lexington Avenue 
Rochester, NY 14606. 
 
The sterile, sealed, cryo-protected vials will then be sent for the manufacture of the 
ethanologen to the DuPont Industrial Biosciences manufacturing facilities in Cedar 
Rapids, Iowa. The address is: 
 
Danisco US, Inc. 
1000 41st Avenue Drive, S. W. 
Cedar Rapids, IA, 52404  
 
(ii) Process description 

 
The Cedar Rapids manufacturing plant is a secure facility operated 24 hours a day. 
People not employed by DuPont Industrial Biosciences entering the facility must 
check-in and be registered. The stock cultures are prepared in a controlled 
laboratory that is solely for that purpose; access to the lab is limited. The fermentor 
and processing equipment in Cedar Rapids is located in an area of the plant that is 
separate from office and laboratory space; access to the production areas is limited.   
 
The fermentor vessels used in the DuPont Industrial Biosciences process for the 

production of S. cerevisiae 3457 are closed stainless steel tanks designed and built 

according to American Society of Mechanical Engineers (ASME) codes.  Normal 

operating pressures are within the vessel rated pressure. Vessel heating and cooling 

are accomplished by circulating water through external jackets, and internal coils.  
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Agitation is provided via top-entry agitators with mechanical seals that are 

pressurized with steam/steam condensate during operation. The fermentor system is 

designed following the “sterile envelope” concept.  Piping connections such as fill 

line, draw line, sample port, and inoculation port are highly secure and designed 

using block-and-bleed multiple valve technology.  Positive steam pressure is 

maintained on the exterior side of each valve in contact with the fermentor to 
prevent contamination. Compressed air is filtered to remove airborne particles. All 
procedural steps and engineering standards described above are meant to insure that 
a pure culture fermentation is run.   
 
After each fermentation step is completed and the contents of the fermentor have 

been transferred, the vessel is cleaned in place (CIP) with a caustic solution 
(sterilization step) and the wash contents of the fermentor are directed to the 
equalization tank. Bench scale experiments have demonstrated that S. cerevisiae is 

not viable after heat treatment of >80°C for 5 minutes. The cell will not be viable at 

high pH (pH 11) and >65°C. Other production equipment is also cleaned with a 

caustic solution at high temperature in a similar manner. 
 

The harvest broth is then concentrated and washed using centrifugation to achieve a 

concentrated cream of 20-24% dry matter (200-240 g/kg). Prior to use, the 

equipment in this step is sanitized using various chemical and thermal techniques.  
The final cream is stored in cleaned/sanitized stainless steel tanks and/or totes and 
maintained under refrigerated conditions. When the process is completed, all 

equipment is cleaned in place (CIP) with a hot caustic solution and the wash 

contents are directed to the equalization tank. 
 

The cream is then either filtered to make a cake, extruded to make an extrudate (noodle), and then 

dried in a fluid bed drying process to the ADY product that is between 5-8% moisture or dried 

directly without filtration or extrusion in a spray drier. The final ADY product is vacuum packaged 

into oxygen/air proof bags and sent to a refrigerated warehouse for storage and distribution to the 
customer. When the process is completed, all equipment (e.g. totes, vessels, filters, extruders, etc) 

is cleaned with hot caustic and sanitizing solutions and the wash contents  are directed to the 

equalization tank where the contents are again heated to greater than 80ºC for inactivation of the 

ethanologen. 
 
The major unit operation steps in the DuPont Industrial Biosciences process (Figure 
1) are described in detail below. 
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Figure 1. Process diagram for DuPont Industrial Biosciences manufacture of S. cerevisiae 3457  

 
 

a) Unit Operation Description 
  

1) Stock culture preparation - The following procedures are performed in a 
bio-safety cabinet by laboratory staff equipped with the typical personal 
protective equipment (lab coat, safety glasses, latex or nitrile gloves).  Starting 
with a frozen culture deposited in the Culture Collection, a flask of liquid 
medium is inoculated to grow the microorganism. After an appropriate 
population has grown up the culture is dispensed into cryogenic storage vials 
with 20% glycerol and stored under liquid nitrogen.  Post storage quality 
assurance checks include 1) plating to check for the absence of contaminating 
organisms, and for cell survival and purity, 2) comparison of pre-freeze viability 
with the post-freeze viability to determine the survival rate and 3) testing the 
vials for productivity. 
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The seed vial lots are prepared in the Culture Collection laboratory according to a 
Standard Operating Procedure. 

 
2) Aseptic inoculation of production organism - The seed inoculum is prepared 
by adding, in a bio-safety cabinet, vials of a stock culture cell suspension of the 
new microorganism (stored under liquid nitrogen) to a culture bag containing 
appropriate media. The bag is then placed in an incubator. When an appropriate 
cell mass is achieved, the contents of the bag is aseptically transferred directly 
into the seed tank by a member of the dedicated laboratory staff, equipped with 
lab coat, latex or nitrile gloves, and safety glasses.  

 
3)  Seed Fermentor - A seed fermentation vessel, controlled at prescribed 
environmental conditions (temperature, pH control via ammonia addition, 
pressure, and airflow), is used to generate the inoculum for the production vessel.  
Transfer to the production fermentor is conducted by dedicated fermentation 
operators and occurs via steam-sterilized hard piping.  

 
After the fermentation is complete, the CIP process described in (i)(1)(ii) is 
carried out.  

 
4) Main Fermentor - The process will use a defined medium as the basis for 

both seed and production fermentations. The formulation of the medium was 

designed around the composition of yeast cells with enough nutrients to produce 

100 g/kg dry cell weight (DCW). 

 
The organisms transferred from the seed fermentor are allowed to grow until the 

target population size has been reached. At the end of the growth phase in the 

production tank, 20- 23 hours, a 4 hour wind down period will be used to 

transition the culture out of rapid growth and prepare it for cell recovery. The 

fermentor broth is then transferred to a drop tank.        
 

Criteria are in place for detecting contaminated fermentations. If a run is deemed 
contaminated, it will not be used.           
The fermentors used to grow the production organism are located in a separate 
area of the manufacturing facility and share an isolated holding tank system.  
After every run, the main fermentor is washed using a CIP system as described 
above in (i)(1)(ii).  Rinse material from routine tank cleaning is directed to the 
equalization tank (where the pH is brought to neutral), which flows to the 
municipal waste treatment facility. 

 
5) Post Fermentation Processing & Storage - The harvested fermentor broth 

from the main fermentor is sent to a drop tank where the temperature is reduced 

from 32ºC to 10ºC. No chemical ingredients are added. The broth is then 

processed through a series of steps (see below) in order to transform it into ADY. 
After every batch, the fermentor and drop tank units are run through a CIP wash 
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as described above in (i)(1)(ii). 
  

Centrifugation 
This step is needed to remove fermentation media and to obtain a concentrated 
yeast (‘cream’) suspension (200-240 g/kg DCW) that can be pumped and is 
filterable. Removal of fermentation media is important to prevent respiration of 
the yeast cells which will damage viability, and to remove media components 
that will ease wet cake extrusion. Up to three washing steps with process water 
will be needed. Disk stack centrifuge configured as a nozzle separator is used as 
separation tool. The operating temperature is from 8-10°C. 
 
Filtration 
The yeast cream is transported from the Cedar Rapids manufacturing plant in 
tank trucks or sealed totes to an approved DuPont manufacturing site/toller; 
Aveka Manufacturing Inc located in Fredericksburg, Iowa.  Here the cream is 
further dewatered on a membrane filter press to produce a wet cake. The DCW of 
the cake is anticipated to be 350-370 g/kg DCW. It is important that the cake be 
kept as cold as possible during this step and that the hold time between cake 
production and extrusion is minimized. The operating temperature is from 10-
15°C. 
 
Extrusion 
Wet cake is fed directly to a low-pressure screw extruder. The function of the 
extruder is to form the wet cake into a short cylindrical “noodle”. This is 
accomplished by using a single screw or counter-rotating twin screws to force the 
wet cake though a flat or dome shaped plate with die holes. Extruded noodles are 
one of the least stable process intermediates. The noodles are dropped into the 
dryer bowl. When the dryer bowl is full, it is transported to the dryer. An 
alternative process is to collect the noodles on a conveyor and immediately send 
it to the dryer that is already running. The operating temperature is from 15-
25°C. 
 
Drying 
The broken noodles are dried from a starting DCW content of 350-370 g/kg to a 
final DCW content of 920-950 g/kg DCW.  After all noodles are loaded into the 
dryer the first phase of drying is done to drive off the free moisture between yeast 
cells in the first phase. The second drying phase involves driving off moisture 
from inside the cells until final DCW target.  Air flow throughout the process is 
adjusted to maintain fluidization of the noodles.  The final ADY product is 
unloaded from the dryer and immediately packaged into vacuum sealed Mylar 
bags.  
 
Alternatively, yeast cream can also be dried without prior filtration and extrusion 
steps, going directly to a dryer. 
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b) Starting Materials and Feedstocks 
 

The S. cerevisiae 3457 fermentation is a contained process of a pure culture of 

the subject microorganism. The ingredients for the seed and main fermentors are 
as follows:  
 

Seed flask media - glucose syrup, yeast extract, citric acid, diammonium sulfate, 
monopotassium phosphate, magnesium sulfate, ferrous sulfate, antifoam and 
water.  
  
Seed fermentation media – glucose syrup, diammonium sulfate, monopotassium 
phosphate, diammonium phosphate, magnesium sulfate, ferrous sulfate, calcium 
hydroxide, trace salts, vitamins, antifoam and water. 
 
Main fermentation media – glucose syrup,ammonium hydroxide,magnesium 
sulfate, ferrous sulfate, calcium chloride, phosphoric acid, potassium hydroxide, 
trace salts, vitamins, antifoam and water. 

 
c) Description of possible release points (see Figure 1) 
 
1) Stock culture preparation - All manipulations are carried out in a bio-safety 
cabinet to maintain sterility and to protect the laboratory technician and the 
environment.  
All disposable items (gloves, pipettes, culture preparation plates, culture 
spreaders) are placed in a biohazard trashcan, where they are then autoclaved.  
All glassware (culture flasks, beakers) is treated with bleach before being 
washed.   

 Consequently, there is no microorganism release expected at this stage. 
 

2) Seed inoculum transfer - Once the cell mass in the culture flasks is sufficient, 
the culture is transferred into a stainless steel transfer apparatus in a bio-safety 
cabinet. Empty flasks are treated with bleach and rinsed to the sink (which ends 
up in the equalization tank before being released to the municipal waste water 
treatment system). Dedicated laboratory staff, equipped with lab coats, hard hats, 
gloves and safety glasses, transfer the inoculum from the transfer apparatus to the 
seed fermentor via steam sterilized hard piping. The empty transfer apparatus is 
caustic treated before being rinsed to the laboratory sink.  Thus, there are no 
anticipated releases of the new microorganism at this stage.   

 
3) Fermentation - The fermentors used to grow the production organism are 
located in a separate area of the manufacturing facility and share an isolated 

holding tank system. Tanks are routinely run through a caustic wash (CIP) after 

every run as described in (i)(1)(ii).  Rinse material from routine tank cleaning is 
directed to the equalization tank (where the pH is brought to neutral) that 
supplies the municipal waste treatment facility. 
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3a)  Fermentation samples - Routine samples collected from the fermentor are 
either spot checked on the tank farm floor (ex., pH determination) or sent to 
the lab (on site) for routine analysis.  All samples are inactivated with either 
chemical disinfectants or through autoclaving prior to disposal. 

 

3b)  Fermentor off gas - Fermenter exhaust gas passes through a cyclone vessel 

that reduces the amount of organism released to the environment. The 

exhaust air is directed horizontally against the wall of the cyclone causing it 

to spiral down the sides of the vessel. This causes liquid droplets entrained 

in the air to condense and settle in the bottom of the cyclone before the air 

exits the top of the vessel.  Waste collected in the cyclone is discharged to 

the pasteurization tank (held at 80°C) and then pH adjusted prior to release 

to the municipal waste treatment system.   

                                                                                                                                                                                
4) Post fermentation processing & Storage –  

The broth is sent to the next step by pressurizing the fermentor, which pushes the 
broth over to the drop tank.  The material is then processed by centrifugation 
which is entirely enclosed. The centrate/supernatant from the centrifuge will be 
collected in a tank and then pasteurized (held at 70oC) and sent to drain. The 
retentate is collected in a tank and is then sent in tank trucks or sealed totes to an 
approved DuPont manufacturing site/toller for drying. 

 

The yeast material is processed in a room separated from other operations.  All lines, tanks and processing 
equipment are cleaned with hot process water and then treated with a cleaning solution to inactivate the 
yeast. Exhaust gases are filtered to minimize release to atmosphere.  Waste water is heated to 180 F for 20 
minutes to inactivate the yeast before release to the drains.  Solid waste is collected for disposal off-site to 
inactivate any viable organisms. Procedures are in place to minimize transfer of materials from the process 
room through the use of sanitizing agent for foot traffic. Access to the building and processing areas is 
controlled. All production employees enter through a keypad door at the front of the facility. The front door 
for office personnel is kept locked during off-shift hours. All visitors entering the production facility must 
sign in at the front office and be accompanied by a company representative to prevent authorized access. 

 
(iii) Worker Exposure 

 
1) Stock culture preparation - Exposure to the organism is not expected during 
stock culture preparation due to the fact that transfers and organism handling 
occur in a bio-safety cabinet to maintain sterility and to protect the laboratory 
technician and the environment. Employee exposure to the subject 
microorganism is also limited at this step by the personal protective equipment 
worn by the laboratory technician. The stock culture preparation will require 

approximately 8 hours of lab technician time per stock culture.  

 
2) Seed inoculum transfer - Exposure to the organism is not expected during 
seed inoculum transfer due to the fact that transfers use aseptic technique and are 
conducted in a bio-safety cabinet in a manner that contains the production 
microorganism.  Employee exposure to the subject microorganism is also limited 
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at this step by the personal protective equipment worn by the laboratory 

technician.  The seed inoculum transfer would require no more than ½ hour of a 

lab technician time per fermentor batch.  

 
After transfer of the inoculum to the seed fermentor, the empty transfer apparatus 

is given a caustic treatment before being rinsed to the sump in the fermentor 

floor. When the apparatus is broken down for cleaning, it contains only 

inactivated organisms and caustic residue. 

 
3) Fermentation - The activities on the fermentation tank floor that involve 
potential worker exposure only regards the following: Process technicians, 
equipped with uniforms, latex or nitrile gloves, and safety glasses, will 
occasionally take samples from steam locked sample ports in the fermentor 
during production runs. The employee exposure to the subject microorganism is 
limited at this step by the personal protective equipment worn by the process 
technician and the small sample volumes required. Samples are carried in sealed 
vials to the dedicated laboratory staff for routine analysis. Exposure to the 
organism is also limited during this activity by the personal protective equipment 
that is regularly worn by the dedicated laboratory staff (lab coat, latex or nitrile 
gloves, and safety glasses). All samples are inactivated with either chemical 
disinfectants or autoclaving prior to disposal. Due to the controls described here, 
handling of the fermentation samples represents minimal employee exposure. 

       
 4) Post fermentation processing & Storage –  
 

All process transfers of the yeast are through closed piping with no exposure 
potential during normal operations.  Employees wear safety glasses, uniforms, 
and gloves when taking periodic process samples from the tanks. Samples are 
taken in a manner to minimize aerosolization. The centrifuge is fully contained 
with minimal exposure potential. The de-watered yeast is transferred to tanks in 
which the vent to the tanks is to the outside to minimize exposure.  

 
Drying Process 

There is a potential for worker exposure during material transfers and equipment 

cleaning. The yeast material is wet during pressing and extrusions so the 

exposure potential is low. The drying process is in a contained coater and 

therefore low exposure potential. The dry yeast is either pneumatically conveyed  

from the dryer bowl to a sieve or directly packaged from the dryer bowl. 

Packaging is a manual operation and has a higher exposure potential and 

respiratory protection is worn. The 10 kg of dry yeast is packaged into a Mylar 

bag, nitrogen purged and then heat sealed. The Mylar bags are packaged in  

cardboard boxes and shipped under ambient conditions.  Employees wear the 

following personal protective equipment during the drying process and cleaning 
operations to limit exposure to the yeast, safety glasses, gloves and uniforms.  
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Respirators with P100 cartridges are worn during operations with potential for 
exposures such as cleaning and packaging processes. 

 
Summary of worker exposure information  

Worker 
Activity 

Protective Equipment/ 
Engineering Controls 

# of Workers 
Exposed 

Maximum 
Duration 
(hrs/day) 

Maximum 
Duration 
(days/yr) 

Seed Inoculum 
Transfer 
 

Lab coat, gloves, safety 
glasses, hard hat 

1 of 3 lab workers 0.5 hours/day 216 

Fermentation – 
samples 

Lab coat and or uniforms, 
safety glasses, gloves, hard 
hat 
 

1 of 4 lab workers 

+ 3 of 15  process 

technicians 

1.5 hrs 

collectively/day 

 

860  

 
Drying Process 

 
Respirators, safety glasses, 
gloves, uniforms 

 

4 process 

technicians per 

shift, 3 shifts per 

day 

 

8 hours 
300 

 
(iv) Environmental Release and Disposal of Subject Microorganism 

  
Possible release points for and disposal of the new microorganism during 
manufacture of the ethanologen S. cerevisiae are discussed in Section (i)(1)(ii) c) 
above.  Efficiency of the control technology at the various potential release sites 
is outlined in the table below. 
 

Control Technology Efficiency at Potential Sites of New Microorganism Release 

Release Number Amount of new substance released  (CFU/batch) 
Media of 
Release 

Control Technology 
Effi-
ciency 

 
To Envi-
ronment 

To Control 
Technology  

   

1) Seed cryovial 
preparation – 
empty seed flasks 

0 ~ 10 ml ((0.1% of inoculums) 

left in flask after culture is used 

to prepare the cryovials so 8.1 

x105 CFU/batch cryovial  

Water Flasks bleached then 

washed and readied 

for use. 

100% 

2) Seed inoculum 
transfer – empty 
cryovials 

0 ~ 0.1ml left in vial after flask 

inoculation so 1.0x108 

CFU/batch 

Land Empty vials disposed 

in bio-waste 

container then 

autoclaved. 

100% 

3) Seed inoculum 
transfer – empty 
seed flasks 

0 ~ 50 ml left in flasks after they 

are poured into WAVE bag so 

4.05x106 CFU/batch 

Water Flasks bleached then 

washed and readied 

for use. 

100% 

4) Seed inoculum 
transfer – empty 
transfer apparatus  

0 ~ 10 ml left in WAVE bag after 

inoculation of seed tank so 1 

x108 CFU/batch 

Water WAVE bag 

autoclaved. 

100% 

5) Seed Fermentor 0 ~ 8L (0.1% of 8000L batch) of 

fermentor broth left in seed tank 

after transfer to main so 4.56x109 

CFU/ batch 

Water Seed tank caustic 

washed then rinsed 

and readied for use. 

100% 
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6) Main fermentor 0 ~ 80L (0.1% of 80000L batch) of 

fermentor broth left in main tank 

after harvest to drop tank so 1.03 

x1011 CFU/ batch 

Water Main tank caustic 

washed then rinsed 

and readied for use. 

100% 

7) Fermentor 
samples 

0 10 (x 50ml) samples taken for 

routine analysis during a typical 

batch run so 2-3 x 108 CFU/ 

batch 

Water Samples disposed in 

bio-waste container 

then autoclaved. 

100% 

8) Fermentor off 
gas – release into 
atmosphere 

5.7 x106 – 

2.85 x107 

CFU/batch 

(see Note) 

5.7 x106 – 2.85 x107 CFU/batch 

(see Note) 

Air (Air-
borne 
droplets) 

Cyclone 50% 

9) Fermentor off 

gas – released into 

pasteurization 

tank 

0 ~ 7 L / day of fluid that appears 

to be steam condensate but could 

contain some organism  

Water Pasturization tank  100% 

10) Drop tank for 
fermentor broth 

0 ~ 80L (0.1% of 80000L batch) of 

fermentor broth left in main tank 

after harvest to drop tank so 2 

x1013 CFU/ batch 

Water Drop tank caustic 

washed then rinsed 

and readied for use. 

100% 

11) centrifuge 0 ~ 45,000 liters of liqud waste 

(centrate)  at a an expected level 

of 1 x109 CFU/ batch 

Water Heat inactivation of 

waste  waterstreams 

100% 

12) press 0 ~ 13,000 liters of  filtrate, with 

minimal CFU, as well as wash 

water - 0.5 Kg of 1 x1010 CFU 

Water Heat inactivation of 

waste  water streams 

100% 

13) Extrusion 0 Equipment cleaning wash water, 

minimal CFU, , 0.1Kg of 1 x1010 

CFU 

water Heat inactivation of 

waste  water 

streams 

100% 

14 Drying  Equipment cleaning wash water, 

minimal CFU, 1 Kg of 1 x1010 

CFU,  100% efficiency of waste 

water inactivation.  Filters on 

dryer expected to be at least  

95% effective with estimated 

release of 50 grams of 1 x1010 

CFU, Any solid waste is sent  

off-site for incineration at a 

licensed facility. 

Air,water Filtration on  dryer   

exhaust.  Water from 

cleaning activities 

heat inactivated. Any 

solid waste 

incinerated off-site 

95% 

15) Packaging 0 Equipment cleaning wash water, 

minimal CFU,  0.1Kg of 1 x1010 

CFU 

water  Heat inactivation of 

waste  water streams 

100% 

16) Ethanol 
production – 
propagation tank 

3-5 x 1010 

CFU/batch 

 1gram residue in Mylar bag after 

emptying the 10 kg bag, 

approximately 3-5 x 1010 

CFU/batch   

land Landfill empty bags 99.9% 

17) Propagation 
tank 

 ~ 4L (0.005% of 80000L batch) 

of dilute fermentor broth left in 

propagation tank (rinsed before 

CIP) after transfer to main,  

approx 4 x109 CFU/ batch 

water Main tank caustic 

washed then rinsed 

and readied for use 

100% 
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18) main 
fermentor 

0 ~ 40L (0.002% of 2,400,000L 

batch) of dilute fermentor broth 

left in main tank (flushed before 

CIP) after harvest to beerwell, 

approximately 4 x1011 CFU/ 

batch 

water Main tank caustic 

washed then rinsed 

and readied for use 

100% 

8) Fermentor off 
gas – release into 
atmosphere 

5.7 x106 – 

2.85 x107 

CFU/batch 

(see Note) 

5.7 x106 – 2.85 x107 CFU/batch 

(see Note) 

air CO2 scrubber 50% 

19) Fermentor off 

gas gas – released 

into cook tank 

0 ~ 4 gallons / minute of fluid that 

is steam condensate but could 

contain some organism 

water Heat inactivated, 

recycled through 

process 

100% 

20) Fermentor 
samples 

0 5 (x 100ml) samples taken for 

routine analysis during a typical 

batch run so 5 x 1012 CFU/ batch 

water Heat inactivated, 

recycled through 

process 

100% 

 
Note on CFU numbers used in the above table: 

#1-11: Using 1.0 x 108 CFU/ml for vegetative yeast in cryovials and 2-3 x 109 CFU/g for fermentor broth.  Ethanol 

production: Final product (added to propagation tank is 1.0 x 1010 CFU/gram, 1.0  x 10
9
 CFU/ml, for propagation and 

main fermentor    

 
Note on Fermentor off-gas: 

Measurement of production microorganisms emission (especially yeast) is very difficult. Stated estimate is 

extrapolated from experimental data obtained for Trichoderma reesei reported in past MCANs 

 
The three potential sources for release of the new microorganism from the 
manufacturing facility are via solid, liquid or gaseous emissions. During normal 
operation, no release is expected via solid or liquid waste emissions; a negligible 
amount of release may occur in the fermentor off-gas and dryer exhaust. 
 
(v) Manufacturing Site Proximity to Drinking Water Sources  
 
The Cedar Rapids facility is located at 1000 41st Avenue Drive SW in an industrial 
area on the South West side of Cedar Rapids, Iowa.  The primary source of Cedar 
Rapids’ drinking water is a series of city wells within the Cedar River watershed.  
The Cedar River is located approximately 0.8 miles from the facility. 
 

The Aveka manufacturing facility (toller) is located at 279 N. Woodward Ave in 

Fredericksburg, Iowa. The closest human consumption drinking water source is 

0.75 miles South of the facility. 

 
(vi) Emergency containment procedures to be followed in case of an accidental 
release 

 
Cedar Rapids manufacturing site: In the unlikely event of a large spill of material 
containing the new microorganism, containment procedures will be followed. The 
action taken depends on the size of the spill or leak. All accidental spills and leaks 
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greater than ten liters of fermentation broth are reported to the supervisor and 
personnel are evacuated from the area for at least thirty minutes to allow 
aerosolized culture to settle. Before evacuation, closing any valves that are the 
source of leakage stops the spill or leak. For small spills, the area is treated with 
hypochlorite solution then cleaned up with towels; the towels are autoclaved before 
disposal. Larger spills require the use of two buckets, one to mop up the spill and 
the other for treatment with fresh hypochlorite solution. Spills larger than those that 
can be handled by buckets and mops are drained and flushed to the waste liquid 
collection system for bleach inactivation before release to the sewage treatment 
facility. The spill area is then treated with hypochlorite solution. The hypochlorite is 
left on the spill for a minimum of twenty minutes. The fermentor tank floor has a 
trench setup the feeds all run off to a sump. The sump feeds into a surge tank and is 
also the easiest way to access the surge tank. There is a manual isolation valve off 
of the surge tank that can be closed to contain very large spills. A drum of bleach is 
present at the access to the sump that supplies the surge tank in case the need to 
inactivate a spill arises. An incident report is completed for spills greater than or 
equal to 10 liters. 

 
If spills are sent to the drain, the aqueous waste will go to the respective Water 
pollution Control facilities of the City of Cedar Rapids. Discharge would be indirect 
to surface waters. The Water Pollution Control facilities will be notified, if the 
fermentation spill volume exceeds 10% of normal discharge. 
 
Any spills during the drying process go to a contained sump that is pumped to a 
tank for heat inactivation prior to discharge to the city waste water facility. 
 

Aveka manufacturing site (toller): In the unlikely event of a large spill of material 

containing the new microorganism within the process area, containment procedures 

will be followed as per normal processing methods.  

 

All accidental spills and leaks greater than 5 gallons of yeast cream are reported to 

the on duty supervisor and personnel are either evacuated from the area to allow 

aerosolized culture to settle or are required to put on appropriate respiratory 

protection to handle the material safely.  

 

All spills within the process area will be rinsed into the containment pit and 

pumped to the inactivation tank. Waste water is heated to 180 F for 20 minutes to 

inactivate the yeast before release to the Fredericksburg Wastewater Treatment 

Facility. 

 

The process area where the leak occurred will be disinfected as per approved 

cleaning protocols during the next cleanup cycle unless otherwise directed by 

project management. 
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(vi) Procedures for disposal of any articles, waste, clothing, or other equipment 
in the activity, including procedures for inactivation of the new microorganism, 
containment, disinfection, and disposal of contaminated items 

 
                        The procedures requested here are described above. 
 

(2) For sites not controlled by the submitter 
 

The new microorganism will be used for commercial ethanol manufacture at 
customer sites. Below is a description of how the modified ethanologen (S. 

cerevisiae 3457) will be handled at a potential customer ethanol plant.  

 
All production activities are conducted in a building or tanks and there is no 
intentional testing outside of the structure. Buildings enclose most of process except 
the fermenters are located partially outside of the building enclosure. Access to the 
building and processing areas is controlled.  
 
In general, the process containing viable yeast is enclosed and the majority of waste 
streams are recirculated back into the process into the beerwell or slurry tanks and 
ultimately back into the fermenters. Any viable yeast released into waste streams is 
re-circulated back into the process and inactivated in the distillation column. The 

temperature of the cook tank and whole stillage tank (after distillation) are >80ºC 

which is sufficient to inactivate the yeast. The CIP solution used to clean equipment 

is also >80ºC. 

 
The yeast is received in vacuum sealed Mylar bags from DuPont. Yeast is added to 
a blend tank or at the manway on top of the propagator (seed fermenter). Yeast is 
slurried with water and mash in a closed tank.  Air is exhausted to the centrate tank 
and then to the thermal oxidizer (760ºC). After addition to the propagator, all 
subsequent material transfers containing viable yeast are through enclosed lines.  
From the propagator, the broth is transferred through closed lines to the large 

fermenters. Air from the fermenters exhaust through the CO2 scrubber which is 

treated with ammonium bisulfite. The scrubber water flows to the cook tank which 

is maintained at >80ºC. 

 
Fermentation broth is then transferred to the beerwell (holding tank) which then is 
transferred to the beer column to remove the ethanol. Residual yeast material at the 
bottom of the beer column is transferred to the whole stillage tank which is 
maintained at >80ºC. The ethanol is processed through 2 additional distillation 
steps, the rectifier column and finally to the molecular sieve column. 
 
The whole stillage is centrifuged and the solids are dried (>480ºC) to produce dried 
distiller grains.  The thin stillage from the centrifuge is evaporated (>90ºC) to make 
syrup which is added the solids in the dryer. 
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Trenches inside the building flow to a sump which is pumped into the beerwell 
(recycled into the process).  All wash downs and spills are collected in the trench.  
Samples are also poured into the trench. All lines, tanks and processing equipment 
are cleaned with a hot CIP solution (>80ºC). 
 
Employees change into uniforms each shift and do not take or wear the uniforms 
off-site.  Uniforms are laundered by a professional service. Employees also wear 
safety glasses, gloves and protective shoes. Furthermore, employees receive training 
by the Technically Qualified Individual on the potential health hazards of the 
microorganism, work practices, inactivation procedures, equipment and room 
cleaning and spill clean-up. 
 

(j) Health and Environmental Effects Data 
 

(1) Test data on the new microorganism – include all test data which are related to 
the effects on health or the environment of any manufacture, processing, distribution 
in commerce, use, or disposal of the new microorganism 
 

DuPont Industrial Biosciences has not conducted tests specifically on the new 

microorganism, but has conducted numerous tests on T. reesei and Bacillus subtilis 

(the donor microorganism species), which support these organisms’ non-toxic and 

non-pathogenic status. On September 5, 2012 EPA proposed a rule to add T. reesei 

to the list of 10 recipient microorganisms (40 CFR 725.420) that are eligible for 

(Tier 1) exemptions from full chemical notification requirements under TSCA.   

 
The non-toxic and non-pathogenic status of S. cerevisiae is well established (see 

(j)(2)(i) below). The new microorganism S. cerevisiae 3457 will be contained 

during use and inactivated prior to disposal. 
 

(2) Full report or standard literature citation for test data: 
 

(i) Health effects data 
  
Saccharomyces cerevisiae is by far one of the mostly used microorganisms; having 
been used for hundreds of year in food applications such as baking and brewing. S. 
cerevisiae has been tested regarding potential pathogenicity and toxicity, and 
products derived from various strains have been investigated for numerous toxic 
endpoints. DuPont Industrial Biosciences have not conducted any company studies 
(in-house or by contractor) to assess the pathogenicity and toxicity of the production 
strain being subject to this risk assessment.  
 
However, a thorough integrated risk assessment has been conducted by the U.S. 
Environmental Protection Agency (EPA 1997). Based on the recommendation of 
this publication, the US EPA subsequently added S. cerevisiae to the Tier I exempt 
list (40 CFR 725.420) under the Microbial Products of Biotechnology; Final 
Regulation Under the Toxic Substances Control Act section 5 (62 FR 17910). 



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 32 of 116 

Moreover, The Food and Drug Administration (FDA) rates S. cerevisiae extract as 
GRAS (see e.g. FDA 2002, 2003, 2006, 2011, 2012).  
 
The main conclusion for hazard assessment regarding human health from the U.S. 
EPA risk assessment is that S. cerevisiae is an organism which has an extensive 
history of safe use. Despite considerable use of the organism in research and the 
presence of S. cerevisiae in food, there are limited reports in the literature of its 
pathogenicity to humans or animals, and only in those cases where the subject had a 
debilitating condition. Factors associated with the virulence of yeasts (i.e., 
phospholipases) indicate that this organism is non-pathogenic. The organism has not 
been shown to produce toxins to humans (EPA 1997). 
 

It is concluded that the new microorganism, S. cerevisiae strain 3457, is non-

pathogenic and non-toxigenic. 
 
(ii) Ecological effects data 
 

The genetic modifications introduced into S. cerevisiae 3457 are not expected to 

significantly affect the survival of the organism. Several survival studies on S. 
cerevisiae comparing wild-type yeast and genetically modified yeast conclude that 
the genetically modified variants do not survive better than the wild-type (Broker 
1990, Fujimura et al. 1994, Ando et al. 2005, Valero et al. 2005). 
 
(iii) Physical and chemical properties data 
There are no applicable physical and chemical properties data for the subject 
microorganism. 

The enzymes produced by the new microorganism are: 

- Glucoamylase (CAS Number 9032-08-0): 
  
 Glucoamylase (systematic name 4-α-D-glucan glucohydrolase, IUBMB 

3.2.1.3, CAS Number 9032-08-0). It catalyses the hydrolysis of terminal 
1,4-linked α-D-glucose residues successively from non-reducing ends of 
polysaccharide chains with release of ß-D-glucose.  

 
- - Amylase (alpha-amylase) (EC 3.2.1.1; CAS# 9000-90-2): 
 It catalyzes the hydrolysis of primarily 1,4-linked- α-glycosidic linkages 

from large molecules like starch and glycogen into smaller oligosaccharides. 
 

 

 
(iv) Environmental fate characteristics 
 
See (j)(2)(ii) above. 
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(v) Monitoring data and other test data related to human exposure or to 
environmental release of the new microorganism 
 
No additional data are available for this particular microorganism. However, the risk 
assessment conducted by the U.S. EPA provides a general overview of S. cerevisiae 
and its safety as an industrial production organism (EPA 1997). 
 

(3) Other data concerning the health and environmental effects of the new 
microorganism that are known to or reasonably ascertainable to the submitter 

  
(i) Any data, other than test data, in the submitter’s possession or control 
 
None other than that cited above. 
 
(ii) Any data, including test data, which are not in the submitter’s possession or 
control 
 
None other than that cited above. 
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Appendix 1: Scheme of Production Strain Construction 
 

 
S. cerevisiae strain FerMaxTM Gold 

 

Non-GM strain used for several years in 
industry for grain ethanol production. 
 

 
Transformation with DNA fragment containing 

KanMX cassette flanked by the 5’ and 3’ region 

of S. cerevisiae URA3, screening 

 

FG-KanMX-ura3 

 

 

 Transformation with  

pGAL-Cre-316, Growth overnight on galactose 

medium, followed by growth on 5-FOA 

medium, screening 

 

FG-ura3 

 

  

 Transformation with  

large SwaI fragment of pDeltaTrGA-F-URA3R, 

screening 

 
 

FG56 

(3435) 

Glucoamylase producing strain of  S. cerevisiae 

 
 
  

Transformation with  

large SwaI fragment of pX(Delta-fAEpAE-

ilv2), selection on chlorimuron ethyl, screening 

 

A10 

(3457) 

 
S. cerevisiae strain producing  

glucoamylase and alpha-amylase 
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Appendix 2. Host strain identity 
 
Identification of FerMaxTM Gold host strain (FG Native) as Saccharomyces cerevisiae via 18S 
ribosomal DNA sequence alignment 
 
A 1977 bp region encoding 18S ribosomal RNA was amplified from genomic DNA of strain 

Fermax Gold (FG_Native, the host strain used to create the microorganism, S.cerevisiae 3435) and 

strain S. cerevisiae 3435 using primers o18S_SC_3 and o18S_SC_5.  

 

o18S_SC_3 5’-GTCTTCTTGCCCAGTAAAAGCTCTCATGCTCTTGCC-3’  

o18S_SC_5 5’-CTCAATAAGTATCTTCTAGCAAGAGGGAATAGGTGG-3’  

 

The purified PCR products were sequenced with primers o18S_SC_31, o18S_SC_51, RPG1006 

and RPG1007.  

 

o18S_SC_51 5’-GGTTTCTAGGACCATCGTAATGATTAATAGGGACGG-3’   

 o18S_SC_31 5’-CTAACTTTCGTTCTTGATTAATGAAAACGTCCTTGG-3’  

RPG1006 5’-GGGAAAAAAAAAAAGAGATTTCGG-3’  

RPG1007 5’-CTCTTGCCAAAACAAAAAAATCCA-3’  

 
Contigs were generated from the quality-trimmed overlapping sequence reads. Then, the 1805 bp 
consensus contig sequences were aligned to the corresponding genomic DNA regions of reference 
S. cerevisiae strain S288c (GenBank Accession# NC_001144, Chromosome XII:465072-466876).  
 
In addition, alignments made to the corresponding genomic DNA regions of related 
Saccharomyces species, S. bayanus (GenBank Accession# AACA01000199, 1336-3147), S. 
castellii (GenBank Accession# AACF01000230, 1884-3687) and S. mikatae (GenBank 
Accession# AABZ01000315, 5136-6940).  
 
An overall alignment is provided below. There were no differences among the sequences of the 

reference S. cerevisiae, the FG_Native strain, and strain 3435.  In contrast, alignments with the 

most closely related Saccharomyces species revealed one or more base differences (highlighted 
below) in the sequence of the 18S ribosomal RNA gene. Overall, this confirms the identity of the 
recipient strain as S. cerevisiae. 
 

18S_FG_Native.seq                      AGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

S288c_ChrXII_NC_001144.seq             AGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

18S_3435.seq                           AGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

AACF01000230.1_Scastellii_18S.seq      CGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

AACA01000199_Sbayanus_18S.seq          CGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

AABZ01000315_Smikatae_18S.seq          AGATAGTTATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATG 

                                       .*********************************************************** 

 

18S_FG_Native.seq                      CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

S288c_ChrXII_NC_001144.seq             CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

18S_3435.seq                           CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

AACF01000230.1_Scastellii_18S.seq      CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

AACA01000199_Sbayanus_18S.seq          CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

AABZ01000315_Smikatae_18S.seq          CATGTCTAAGTATAAGCAATTTATACAGTGAAACTGCGAATGGCTCATTAAATCAGTTAT 

                                       ************************************************************ 
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18S_FG_Native.seq                      CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

S288c_ChrXII_NC_001144.seq             CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

18S_3435.seq                           CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

AACF01000230.1_Scastellii_18S.seq      CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

AACA01000199_Sbayanus_18S.seq          CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

AABZ01000315_Smikatae_18S.seq          CGTTTATTTGATAGTTCCTTTACTACATGGTATAACTGTGGTAATTCTAGAGCTAATACA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      TGCTTAAAATCTCGACCCTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

S288c_ChrXII_NC_001144.seq             TGCTTAAAATCTCGACCCTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

18S_3435.seq                           TGCTTAAAATCTCGACCCTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

AACF01000230.1_Scastellii_18S.seq      TGCTTAAAATCTCGACCTTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

AACA01000199_Sbayanus_18S.seq          TGCTTAAAATCTCGACCCTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

AABZ01000315_Smikatae_18S.seq          TGCTTAAAATCTCGACCCTTTGGAAGAGATGTATTTATTAGATAAAAAATCAATGTCTTC 

                                       ***************** ****************************************** 

 

18S_FG_Native.seq                      GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

S288c_ChrXII_NC_001144.seq             GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

18S_3435.seq                           GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

AACF01000230.1_Scastellii_18S.seq      GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

AACA01000199_Sbayanus_18S.seq          GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

AABZ01000315_Smikatae_18S.seq          GGACTCTTTGATGATTCATAATAACTTTTCGAATCGCATGGCCTTGTGCTGGCGATGGTT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

S288c_ChrXII_NC_001144.seq             CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

18S_3435.seq                           CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

AACF01000230.1_Scastellii_18S.seq      CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

AACA01000199_Sbayanus_18S.seq          CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

AABZ01000315_Smikatae_18S.seq          CATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTTTCAA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

S288c_ChrXII_NC_001144.seq             CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

18S_3435.seq                           CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

AACF01000230.1_Scastellii_18S.seq      CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

AACA01000199_Sbayanus_18S.seq          CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

AABZ01000315_Smikatae_18S.seq          CGGGTAACGGGGAATAAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

S288c_ChrXII_NC_001144.seq             CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

18S_3435.seq                           CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

AACF01000230.1_Scastellii_18S.seq      CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

AACA01000199_Sbayanus_18S.seq          CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

AABZ01000315_Smikatae_18S.seq          CCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTAATTCAGGGAGGTAGTGACAATA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

S288c_ChrXII_NC_001144.seq             AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

18S_3435.seq                           AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

AACF01000230.1_Scastellii_18S.seq      AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

AACA01000199_Sbayanus_18S.seq          AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

AABZ01000315_Smikatae_18S.seq          AATAACGATACAGGGCCCATTCGGGTCTTGTAATTGGAATGAGTACAATGTAAATACCTT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AACGAGGAACA-ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

S288c_ChrXII_NC_001144.seq             AACGAGGAACA-ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

18S_3435.seq                           AACGAGGAACA-ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

AACF01000230.1_Scastellii_18S.seq      AACGAGGAACA-ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

AACA01000199_Sbayanus_18S.seq          AACGAGGAACACATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

AABZ01000315_Smikatae_18S.seq          AACGAGGAACA-ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA 

                                       *********** ************************************************ 

 

18S_FG_Native.seq                      TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCCCGGTTGG 

S288c_ChrXII_NC_001144.seq             TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCCCGGTTGG 

18S_3435.seq                           TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCCCGGTTGG 

AACF01000230.1_Scastellii_18S.seq      TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCCTGGTTGG 

AACA01000199_Sbayanus_18S.seq          TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCTCGGTTGG 

AABZ01000315_Smikatae_18S.seq          TAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACTTTGGGCTCGGTTGG 

                                       ****************************************************  ****** 

 

18S_FG_Native.seq                      CCGGTCCGATTTTTTCGTGTACTGGATTTCCAACGGGGCCTTTCCTTCTGGCTAACCTTG 

S288c_ChrXII_NC_001144.seq             CCGGTCCGATTTTTTCGTGTACTGGATTTCCAACGGGGCCTTTCCTTCTGGCTAACCTTG 

18S_3435.seq                           CCGGTCCGATTTTTTCGTGTACTGGATTTCCAACGGGGCCTTTCCTTCTGGCTAACCTTG 

AACF01000230.1_Scastellii_18S.seq      CCGGTCCGATTTTTTCGTGTACTGGATTCC-AACCGGGCCTTTCCTTCTGGCTAACCTTG 

AACA01000199_Sbayanus_18S.seq          CCGGTCCGATTTTTTCGTGTACTGGATTTCCAACGGGGCCTTTCCTTCTGGCTAACCTTG 

AABZ01000315_Smikatae_18S.seq          CCGGTCCGATTTTTTCGTGTACTGGATTTCCAACGGGGCCTTTCCTTCTGGCTAACCTTG 

                                       **************************** * *** ************************* 

 

18S_FG_Native.seq                      AGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 
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S288c_ChrXII_NC_001144.seq             AGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 

18S_3435.seq                           AGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 

AACF01000230.1_Scastellii_18S.seq      GGTCCTTGTGGCCCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 

AACA01000199_Sbayanus_18S.seq          GGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 

AABZ01000315_Smikatae_18S.seq          AGTCCTTGTGGCTCTTGGCGAACCAGGACTTTTACTTTGAAAAAATTAGAGTGTTCAAAG 

                                       .*********** *********************************************** 

 

18S_FG_Native.seq                      CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

S288c_ChrXII_NC_001144.seq             CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

18S_3435.seq                           CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

AACF01000230.1_Scastellii_18S.seq      CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

AACA01000199_Sbayanus_18S.seq          CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

AABZ01000315_Smikatae_18S.seq          CAGGCGTATTGCTCGAATATATTAGCATGGAATAATAGAATAGGACGTTTGGTTCTATTT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

S288c_ChrXII_NC_001144.seq             TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

18S_3435.seq                           TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

AACF01000230.1_Scastellii_18S.seq      TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

AACA01000199_Sbayanus_18S.seq          TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

AABZ01000315_Smikatae_18S.seq          TGTTGGTTTCTAGGACCATCGTAATGATTAATAGGGACGGTCGGGGGCATCAGTATTCAA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

S288c_ChrXII_NC_001144.seq             TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

18S_3435.seq                           TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

AACF01000230.1_Scastellii_18S.seq      TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

AACA01000199_Sbayanus_18S.seq          TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

AABZ01000315_Smikatae_18S.seq          TTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACTACTGCGAAAGCATTTGCCAA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

S288c_ChrXII_NC_001144.seq             GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

18S_3435.seq                           GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

AACF01000230.1_Scastellii_18S.seq      GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

AACA01000199_Sbayanus_18S.seq          GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

AABZ01000315_Smikatae_18S.seq          GGACGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCGAAGATGATCAGATACCGTCGT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

S288c_ChrXII_NC_001144.seq             AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

18S_3435.seq                           AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

AACF01000230.1_Scastellii_18S.seq      AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

AACA01000199_Sbayanus_18S.seq          AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

AABZ01000315_Smikatae_18S.seq          AGTCTTAACCATAAACTATGCCGACTAGGGATCGGGTGGTGTTTTTTTAATGACCCACTC 

                                       ************************************************************ 

 

18S_FG_Native.seq                      GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

S288c_ChrXII_NC_001144.seq             GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

18S_3435.seq                           GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

AACF01000230.1_Scastellii_18S.seq      GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

AACA01000199_Sbayanus_18S.seq          GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

AABZ01000315_Smikatae_18S.seq          GGCACCTTACGAGAAATCAAAGTCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAA 

                                       ************************************************************ 

 

18S_FG_Native.seq                      ACTTAAAGGAATTGACGGAAGGGCACCACC------AGGAGTGGAGCCTGCGGCTTAATT 

S288c_ChrXII_NC_001144.seq             ACTTAAAGGAATTGACGGAAGGGCACCACC------AGGAGTGGAGCCTGCGGCTTAATT 

18S_3435.seq                           ACTTAAAGGAATTGACGGAAGGGCACCACC------AGGAGTGGAGCCTGCGGCTTAATT 

AACF01000230.1_Scastellii_18S.seq      ACTTAAAGGAATTGACGGAAGGGCACCACC------AGGAGTGGAGCCTGCGGCTTAATT 

AACA01000199_Sbayanus_18S.seq          ACTTAAAGGAATTGACGGAAGGGCACCACCACCACCGGACGTGGAGCCTGCGGCTTAATT 

AABZ01000315_Smikatae_18S.seq          ACTTAAAGGAATTGACGGAAGGGCACCACC------AGGAGTGGAGCCTGCGGCTTAATT 

                                       ******************************      .*..******************** 

 

18S_FG_Native.seq                      TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

S288c_ChrXII_NC_001144.seq             TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

18S_3435.seq                           TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

AACF01000230.1_Scastellii_18S.seq      TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

AACA01000199_Sbayanus_18S.seq          TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

AABZ01000315_Smikatae_18S.seq          TGACTCAACACGGGGAAACTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGC 

                                       ************************************************************ 

 

18S_FG_Native.seq                      TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

S288c_ChrXII_NC_001144.seq             TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

18S_3435.seq                           TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

AACF01000230.1_Scastellii_18S.seq      TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

AACA01000199_Sbayanus_18S.seq          TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

AABZ01000315_Smikatae_18S.seq          TCTTTCTTGATTTTGTGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTC 

                                       ************************************************************ 

 

18S_FG_Native.seq                      TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 

S288c_ChrXII_NC_001144.seq             TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 
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18S_3435.seq                           TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 

AACF01000230.1_Scastellii_18S.seq      TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 

AACA01000199_Sbayanus_18S.seq          TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 

AABZ01000315_Smikatae_18S.seq          TGCTTAATTGCGATAACGAACGAGACCTTAACCTACTAAATAGTGGTGCTAGCATTTGCT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      GGTTATCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

S288c_ChrXII_NC_001144.seq             GGTTATCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

18S_3435.seq                           GGTTATCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

AACF01000230.1_Scastellii_18S.seq      GGTCGTCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

AACA01000199_Sbayanus_18S.seq          GGTTATCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

AABZ01000315_Smikatae_18S.seq          GGTTATCCACTTCTTAGAGGGACTATCGGTTTCAAGCCGATGGAAGTTTGAGGCAATAAC 

                                       *** .******************************************************* 

 

18S_FG_Native.seq                      AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

S288c_ChrXII_NC_001144.seq             AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

18S_3435.seq                           AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

AACF01000230.1_Scastellii_18S.seq      AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

AACA01000199_Sbayanus_18S.seq          AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

AABZ01000315_Smikatae_18S.seq          AGGTCTGTGATGCCCTTAGACGTTCTGGGCCGCACGCGCGCTACACTGACGGAGCCAGCG 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

S288c_ChrXII_NC_001144.seq             AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

18S_3435.seq                           AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

AACF01000230.1_Scastellii_18S.seq      AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

AACA01000199_Sbayanus_18S.seq          AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

AABZ01000315_Smikatae_18S.seq          AGTCTAACCTTGGCCGAGAGGTCTTGGTAATCTTGTGAAACTCCGTCGTGCTGGGGATAG 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

S288c_ChrXII_NC_001144.seq             AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

18S_3435.seq                           AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

AACF01000230.1_Scastellii_18S.seq      AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

AACA01000199_Sbayanus_18S.seq          AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

AABZ01000315_Smikatae_18S.seq          AGCATTGTAATTATTGCTCTTCAACGAGGAATTCCTAGTAAGCGCAAGTCATCAGCTTGC 

                                       ************************************************************ 

 

18S_FG_Native.seq                      GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

S288c_ChrXII_NC_001144.seq             GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

18S_3435.seq                           GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

AACF01000230.1_Scastellii_18S.seq      GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

AACA01000199_Sbayanus_18S.seq          GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

AABZ01000315_Smikatae_18S.seq          GTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTAGTACCGATTGAATGGCTT 

                                       ************************************************************ 

 

18S_FG_Native.seq                      AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

S288c_ChrXII_NC_001144.seq             AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

18S_3435.seq                           AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

AACF01000230.1_Scastellii_18S.seq      AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

AACA01000199_Sbayanus_18S.seq          AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

AABZ01000315_Smikatae_18S.seq          AGTGAGGCCTCAGGATCTGCTTAGAGAAGGGGGCAACTCCATCTCAGAGCGGAGAATTTG 

                                       ************************************************************ 

 

18S_FG_Native.seq                      GACAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

S288c_ChrXII_NC_001144.seq             GACAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

18S_3435.seq                           GACAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

AACF01000230.1_Scastellii_18S.seq      GTCAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

AACA01000199_Sbayanus_18S.seq          GACAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

AABZ01000315_Smikatae_18S.seq          GACAAACTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTG 

                                       *:********************************************************** 

 

18S_FG_Native.seq                      CGGAAGGATCAT 

S288c_ChrXII_NC_001144.seq             CGGAAGGATCAT 

18S_3435.seq                           CGGAAGGATCAT 

AACF01000230.1_Scastellii_18S.seq      CGGAAGGATCAT 

AACA01000199_Sbayanus_18S.seq          CGGAAGGATCAT 

AABZ01000315_Smikatae_18S.seq          CGGAAGGATCAT 

                                       ************ 
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Appendix 3. Detailed Strain Construction Scheme 
 
 

1. Introduction  
 

Parent strain of S. cerevisiae FerMaxTM Gold Label (hereafter referred to as FerMaxTM Gold or S. 

cerevisiae FerMaxTM Gold) is propagated by Martrex, Inc. (P. O. Box 1709, 14525 Highway 7, 

Minnetonka, Minnesota 55345-3793, USA). This strain is recommended for use in ethanol 

fermentations, in particular, for application in the grain ethanol industry.  We have purchased the 

strain on the open market. FerMaxTM Gold is a non-GM strain that has enhanced heat and ethanol 

tolerance as compared to wild type yeast. 

 

This strain produces no amylolytic enzyme and, therefore, requires supplementary enzymes to 

ferment starch into ethanol. To minimize the requirement for such enzymes we have introduced and 

expressed a glucoamylase CS4 gene in the S. cerevisiae FerMaxTM Gold strain. Glucoamylase CS4 is 

a variant of Trichoderma reesei glucoamylase discovered by Danisco US, Inc. (Aehle et al., 2008). 

 

To facilitate the introduction of glucoamylase, a ura3 derivative of the FerMaxTM Gold strain (FG-

ura3) was created (see Annex 3). This strain served as the parent strain of the CS4 expressing strain 

FG56. 

 
 

1.1 Construction of plasmids for creation of ura3 derivative of FerMaxTM Gold. 
 

1.1.1. Construction of pUC19:TEF1p-KanMX4-TEF1t 

The KANMX4 gene was amplified from genomic DNA isolated from yeast deletion 

collection strain 34091 (pdc5::KANMX4), available from ATCC, with primers 427, 

containing AvrII and XhoI restriction sites, and 467 (Table 1).  The TEF1 terminator (NC 

600038) was amplified from Kluyveromyces lactis1 genomic DNA with primers 465 and 

466 (Table 1). The KANMX4 gene and the TEF1t were fused via Splicing by Overlapping 

Extension (SOE) PCR using primers 427 and 466.  The resulting PCR product was cloned 

into pUC19 digested with restriction enzyme SmaI. The TEF1 promoter (NC 600038) was 

amplified from K. lactis genomic DNA with primers 468 and 469 (Table 1) that contain 

AvrII and XhoI restriction sites respectively. Correct transformants were digested with 

AvrII and XhoI and ligated with the TEF1 promoter fragment, to create pUC19:TEF1p-

KanMX4-TEF1t (Figure 1).  The sequence of the insert was confirmed by sequencing. 

 

1.1.2. Construction of pLA61 

The TEF1p-KANMX4-TEF1t cassette in pUC19:TEF1p-KANMX4-TEF1t was amplified 

with primers LA629 and LA630 (Table 1) that contained degenerate loxP sites. The 

                                      
1 Kluyveromyces lactis is a budding yeast that belongs to the same taxonomic family (Saccharomycetaceae) as 

Saccharomyces cerevisiae.  
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product was then cloned into pUC19 digested with restriction enzyme SmaI, resulting in 

plasmid pLA61 (Figure 2). 

   

1.1.3. Construction of TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3-SFH 

 

Primers 505 and 506 (Table 1) were used to amplify a 1.8 kb DNA fragment containing the 

TEF promoter-KanMX-TEF terminator region from pLA61.  The DNA fragment was cloned 

into pCRTM-Blunt II-TOPO, resulting in plasmid TOPO II-Blunt ura3-loxP-KanMX-loxP-

ura3-SFH (Figure 3 and 4).   
 

Table 1.  Primers used to construct plasmids listed in this section, and to test ura3 deletion. 
427 CCTAGGGCTCCTGGCGTTCCACGCCGCCACGTGTTCCTCGAGATGGGTAAGGAAAAGACTCACGT

TTCGAGG 

465 GTTTAACTTGATACTACTAGATTTTTTCTCTTCAT 

466 AGATTATATGAATAACTAAATACTAAATAGAAATG 

467 ATGAAGAGAAAAAATCTAGTAGTATCAAGTTAAACTTAGAAAAACTCATCGAGCATCAAATGAAA

CTGCA 

468 GCCTCGAGTTTTAATGTTACTTCTCTTGCAGTTAGGGA 

469 GCCCTAGGGATTCATAACCATTTTCTCAATCGAATTACACAGA 

505 TTCCGGTTTCTTTGAAATTTTTTTGATTCGGTAATCTCCGAGCAGAAGGAGCATTGCGGATTACG

TATTCTAATGTTCAG 

506 GGGTAATAACTGATATAATTAAATTGAAGCTCTAATTTGTGAGTTTAGTACACCTTGGCTAACTC

GTTGTATCATCACTGG 

LA629 GCATTGCGGATTACGTATTCTAATGTTCAGTACCGTTCGTATAATGTATGCTATACGAAGTTATC

TAGGGATTCATAACCATTTTCTCAATCG 

LA630 CACCTTGGCTAACTCGTTGTATCATCACTGGTACCGTTCGTATAGCATACATTATACGAAGTTAT

AGATTATATGAATAACTAAATACTAAATAGAAATG 

Test-

5’ 

CATATTTATGGTGAAGGATAAG 

Test-

3’ 

GAACCAAGTAACAGTATTTTAC 

 

The functional and structural elements of TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3 are 

listed in Table 2. 

 

Table 2. Functional/structural elements of TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3-

SFH. 
No Sequence 

positions 

(bp) 

Functional/Structural 

element 

Origin Comment 

1 1-3519 Bacterial vector sequence pCRTM-Blunt II-TOPO  

2 1-5 TOPO binding site   

3 7-12 Restriction enzyme EcoRI site Vector sequence  

4 250-552 ccdB (no ATG) Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

5 763-900 Kan Promoter Vector sequence Not present in 
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fragment used to 

transform FerMaxTM 

Gold 

6 901-1695 KanR Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

7 1800-1901 Bla promoter Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

8 1902-2276 zero Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

9 2388-3061 pUC origin Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

10 3278-3399 lac promoter Vector sequence Not present in 

fragment used to 

transform FerMaxTM 

Gold 

11 3508-3513 Restriction enzyme EcoRI site Vector sequence  

12 3515-3519 TOPO binding site   

13 3520-5519 URA3-loxP-TEFp-KanMX-

TEFt-loxP-URA3 

S. cerevisiae, K. lactis, E. 

coli 

KanMX4 expression 

cassette 

14 3520-3569 S. cerevisiae URA3 3’-flanking 

region, reverse orientation 

Synthetic DNA identical to 

S. cerevisiae genomic 

sequence 

Targeting the cassette 

to URA3 locus on the 

genome 

15 3570-3600 Priming sequence Artificial sequence designed 

for priming 

Does not encode 

anything, not identical 

to any known 

sequence 

16 

 

3601-3634 loxP66, reverse orientation Synthetic DNA identical to 

loxP66 consensus 

loxP site for removal 

of the cassette using 

Cre recombinase 

17 3635-3984 K. lactis TEF1 terminator, 

reverse orientation 

PCR amplified from S. 

cerevisiae strain 34091 

Terminator of the 

KanMX expression 

cassette 

18 3985-4794 KanMX4, reverse orientation PCR amplified from S. 

cerevisiae strain 34091 

KanMX4 ORF 

19 4795-4800 Restriction enzyme AvrI site Artificial sequence, PCR 

amplified from S. cerevisiae 

strain 34091 

Artificial sequence for 

cloning 

19 4801-5400 K. lactis TEF1 promoter, 

reverse orientation 

PCR amplified from S. 

cerevisiae strain 34091 

Promoter of the 

KanMX expression 

cassette 

20 5401-5405 Artificial sequence  Result of cloning 

21 5406-5439 loxP71, reverse orientation Synthetic DNA identical to 

loxP71 consensus 

loxP site for the 

removal of the cassette 
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using Cre recombinase 

22 5440-5469 Priming sequence Artificial sequence for 

priming 

Do not encode 

anything, not identical 

to any known 

sequence 

23 5470-5519 S. cerevisiae URA3 5’-flanking 

region, reverse orientation 

Synthetic DNA identical to 

S. cerevisiae genomic 

sequence 

Targeting the cassette 

to the URA3 locus on 

the S. cerevisiae 

genome 

 

 1.1.4. Construction of pLA34 

pLA34 was constructed by GAP repair cloning.  The S. cerevisiae GAL1 promoter was 

amplified from the plasmid pRS426:GAL1p-ILV5 (Ex. 17, Tables 7 and 8 in Donaldson et 

al., 2008) with primers 305 and 306 (Table 3).  The Cre recombinase gene was amplified 

from the plasmid pJW168 (Lucigen, for more details on the plasmid see 

http://lucigen.com/store/pJW168-Vector/) with primers 307 and 308 (Table 3).  The S. 

cerevisiae ADH1 terminator was amplified from S. cerevisiae strain BY4741 (ATCC 

4040002) genomic DNA with primers 309 and 310 (Table 3). The shuttle vector pRS423 

(GenBank Accession# U03454; Sikorski & Hieter, 1989) was cut with XmaI to linearize.  

All four pieces were transformed into BY4741 for gap repair cloning (Figure 5).  Plasmid 

DNA from transformed yeast cells were isolated using the Qiagen miniprep kit, and used to 

transform E. coli strain Top10.  Plasmid DNA from the transformed E. coli cells were 

isolated with Qiagen miniprep kit. 

 

Table 3.  Primers used to construct plasmids pLA34. 
305 GCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATTAGAAGCCGCCGAGCGGGCGAC

AGCCCTCCG 

306 GGCAAATTTTGGTGTACGGGCAGTAAATTGGACATTTTTCTCCTTGACGTTAAAGTATAG

AGGTA TATTA 

307 TAATATACCTCTATACTTTAACGTCAAGGAGAAAAATGTCCAATTTACTGCCCGTACACC

AAAATTTGCC 

308 TAAAAATCATAAATCATAAGAAATTCGCTTACTCCTAATCGCCATCTTCCAGCAGGCGCA

CCAT TGCCC 

309 GGGCAATGGTGCGCCTGCTGGAAGATGGCGATTAGGAGTAAGCGAATTTCTTATGATTT

ATGATTTTTA 

310 CTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACACCACAGGTGTTGTCCTCTGAGGA

CATAAA ATACA 

 

1.1.5. Construction of pGAL-Cre-316 

Plasmid pLA34 was digested with restriction enzymes SalI and SacI, and a 1.84 kb fragment 

containing the GAL promoter, the Cre recombinase and the ADH1 terminator was separated 

by gel electrophoresis and purified with Qiagen gel purification kit.  The fragment was ligated 

with SalI and SacI digested plasmid pRS316 (GenBank Accession# U03442; Sikorski & 

Hieter, 1989).  The resulting plasmid is named pGAL-Cre-316 (Figure 6 and 7).  The 

functional and structural elements of pGAL-Cre-316 are listed in Table 4. 
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pGAL-Cre-316 is used to remove the KanMX cassette from FG-KanMX-ura3.  It is a self-

replicating circular plasmid that was subsequently removed from FG-ura3.  None of the 

sequence elements from pGAL-cre-316 was inserted into the FG-ura3 genome. 

 
Table 4. Functional and structural elements of pGAL-Cre-316. 
No Sequence 

positions (bp) 

Functional/Structural element Origin 

1 1-4810 Yeast-bacterial shuttle vector  

pRS316 sequence 

pRS316 

2 440-1059 pBR322 origin of replication pRS316 

3 1214-2074 Bla, reverse orientation pRS316 

4 2116-2144 Bla promoter, reverse 

orientation 

pRS316 

5 2216-2332 S. cerevisiae CEN6 pRS316 

6 2333-2707 S. cerevisiae ARSH4 pRS316 

7 2984-3196 S. cerevisiae URA3 promoter pRS316 

8 3199-4002 S. cerevisiae URA3 ORF pRS316 

9 4003-4080 S. cerevisiae URA3 

terminator 

pRS316 

10 4355-4454 F1 origin pRS316 

11 4813-6603 GALp-Cre-ADHt cassette, 

reverse orientation 

pLA34 

12 4813-5128 S. cerevisiae ADH1 

terminator, reverse 

orientation 

pLA34 

13 5129-6160 Cre recombinase, reverse 

orientation 

pLA34 

14 6161-6603 S. cerevisiae GAL1 promoter pLA34 

 
 

1.2. Transformation of FerMaxTM Gold with ura3-loxP-TEF-p-KanMX-TEF-t-loxP-ura3 to 

delete the URA3 gene 
 

A 1.8 kb DNA fragment containing the ura3-loxP-KanMX-loxP-ura3 cassette was released from 

plasmid TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3 by EcoRI digestion (Figure 3).  The 

fragment was separated by gel electrophoresis, purified with Qiagen gel purification kit. The 

purified 1.8 kb DNA fragment was then used to transform S. cerevisiae strain FerMaxTM Gold by 

electroporation. 

 

Transformed colonies able to grow on media containing G418 were streaked on synthetic minimal 

plates containing 20 ug/ml uracil and 2 mg/ml 5-fluoroorotic acid (5-FOA).  Those colonies able 

to grow on 5-FOA plates were further confirmed for URA3 deletion by growth of phenotype on 

SD-Ura plates, and by PCR using primers Test-5’ and Test-3’ (Table 1).  The ura3 deletion 

transformants were unable to grow on SD-Ura plates. A single 1.98 kb PCR fragment was 

obtained with primers Test-5’ and Test-3’. In contrast, the same primer pairs generated a 1.3 kb 

fragment by PCR with FerMaxTM Gold (Figure 8). The ura3 deletion strain was named FG-

KanMX-ura3. 
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To remove the KanMX expression cassette from the FG-KanMX-ura3, plasmid pGAL-Cre-316 

was used to transform FG-KanMX-ura3 by electroporation as above. The transformed cells were 

plated on SD-Ura plates. Single colonies were transferred onto YPG plate and incubated for 2 to 3 

days at 30oC.  Colonies were then transferred to YPD plate for 2 additional days. Finally, cell 

suspensions from the YPD plate were spotted on to following plates: YPD, G418 (150 ug/ml), 5-

FOA (2 mg/ml) and SD-Ura. Cells able to grow on YPD and 5-FOA, and unable to grow on G418 

and SD-Ura plates were picked for PCR confirmation using primers Test-5’ and Test-3’. The 

expected PCR product size was 0.4 kb (Figure 8) confirming the KanMX (geneticin) sensitive, 

ura3 deletion strain derived from FG-KanMX-ura3. This strain was named FG-ura3. 

 
 

2. Construction of precursor plasmids used in construction of glucoamylase expression vector 
 
 

2.1. Construction of plasmid pX(T-Delta) 
 

Plasmid pF1X was assembled from components recruited from two known plasmids.  Plasmid pMOB  

(Strathmann et al. 1991) is essentially a shortened variant of commonly known plasmid pUC19.  Part 

of this plasmid including colE1 origin of replication and ampicillin resistance gene was amplified 

using primers oMOB_32 and oMOB_5 (Table 5). It may be noted that even though we used plasmid 

pMOB as the template in this construction experiment, using pUC19 as template would have resulted 

in generation of an identical fragment. The PCR product has been self-ligated resulting in plasmid 

pMOBX.  Phage F1 origin of replication has been amplified by PCR using primers oF1_31 and 

oF1_5 (Table 1) and plasmid pBK(P1-29) (described in patent publication Miasnikov et al., 2005) as 

a template. This PCR fragment was digested with XbaI and PstI and cloned into pMOBX digested 

with the same pair of restriction endonucleases. The resulting vector pF1X (Fig. 9) was used as one of 

the precursors for the construction of glucoamylase expression vectors.  

  

A fragment of yeast chromosomal DNA containing the delta sequence (Sakai et al. 1990) was 

amplified using primers oDelta_3 and oDelta_5 (Table 5) and chromosomal DNA of S. cerevisiae 

strain DBY746 (ATCC 44773) as template. This fragment was TOPO-cloned in pCR Blunt-II TOPO 

vector (yielding plasmid pCR(Delta)) and sequenced. Yeast strains often contain multiple copies of 

several variants of closely related delta sequences. The experimentally determined sequence of the 

PCR fragment used in construction of vector pX(Delta) is listed in Figure 10.  The delta sequence was 

excised from pCR(Delta) using restriction endonucleases CaiI and NsiI and ligated with pF1X 

digested with PstI and SfiI.  The resulting vector pX(Delta) was used as template for a PCR reaction 

with primers oDelta_51 and oDelta_31 (Table 5).  The product of this reaction was purified by 

agarose gel electrophoresis, digested with SalI and self-ligated generating plasmid pX(T-Delta). A 

chart illustrating the construction of pX(T-Delta) is presented as Figure 11.  

 
Table 5. Primers used for construction of pX(T-Delta) 
Primer name Primer sequence 

oMOB 32 GTTTCTGCAGCGTTGCTGGCGTTTTTCCATAGG 
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oMOB 5   GGTTCTAGAGGCCTAAATGGCCATGAGACAATAACCCTGATAAATGC 

oF1 31   GTTTCTAGAGCGGCCGCAAACTCATCAATGTATCTTAACGCG 

oF1 5     GTTTCTGCAGCATTTCCCCGAAAAGTGCCACCTG 

oDelta_3 GTCAGTTTCTGATTTAAATGGAATCTATATTTCTACATACTAATATTACG 

oDelta_5 GGATGCATATTTAAATCCACTATCGTCTATCAACTAATAGTTATATTATC 

oDelta_51 GGTGTCGACTTTGGCGCGCCGAAGCTGAAGTGCAAGGATTGATAATGTAATAGG 

oDelta_31 GTGTCGACGGCCATTAAGGCCTCTAACCTCGATGACAGCTTCTCATAACTTATG 

 
 

2.2.   Construction of plasmid pADH(ZrAmdS-T) 
 

The acetamidase gene (amdS) of Zygosaccharomyces rouxii2 (Shepherd & Piper, 2010) was amplified 

by PCR using primers ZrAmdS_5 and ZrAmdS_3 (Table 6) with genomic DNA of Z. rouxii strain 

m3 (ATCC 13356) as template. The PCR fragment was TOPO cloned in pCR Blunt-II TOPO 

resulting in plasmid pCR(ZrAmdS). The insert of this plasmid was sequenced and found to be 

different in one nucleotide relative to the published sequence (GenBank Accession# FJ861074 - 

Chromosome 7:1003608-1006762). However, due to the degeneracy of the genetic code this 

difference does not translate into a difference in the amino acid sequence of the acetamidase encoded 

by the gene. The experimentally determined sequence of the Z. rouxii acetamidase gene allele used in 

this study is listed in Figure 12. For construction of pADH(ZrAmdS-T), pCR(ZrAmdS) was used as a 

template in a PCR reaction with  primers oZrAmdS_51 and oZrAmdS_31 (Table 6) to generate a sub-

fragment of the acetamidase gene containing only the coding region with appropriate flanking 

restriction sites (see below).   

  

DNA fragments comprising the ADH1 promoter (Chromosome XV:161308-160606, reverse 

orientation) and FBA1 transcription terminator (Chromosome XI:326407-325969, reverse 

orientation) of S. cerevisiae were amplified by PCR using the primer pairs oADH1P_52 and 

oADH1P_31, and oFBAT_5 and oFBAT_3 (Table  6), respectively.  DNA of the laboratory S. 

cerevisiae strain DBY746 (ATCC 44773) was used as the PCR template in these reactions. The 

FBA1 terminator-containing PCR vector resulted in vector pCR(FBATT). Plasmid pCR(FBATT) 

was digested with BglII and SacI, the ADH1 promoter-containing PCR fragment with SacI and XbaI , 

and the CDS-containing sub-fragment  of the Z. rouxii acetamidase gene described in the previous 

paragraph with with BamHI and SpeI.  The three DNA fragments were ligated to generate 

pADH(ZrAmdS-T). Construction of pADH(ZrAmdS-T) is illustrated in Figure 13.   

 
Table 6. Primers used for construction of pADH(ZrAmdS-T) 

Primer Name Primer Sequence 

oFBAT_3 GGTGGCGCGCCGAAATTGACATGAAGTTAAATATGTTGGAGG 

oFBAT_5 GGTAGATCTTTAATTAATTCAAATTAATTGATATAGTTTTTTAATGAG 

oADH1P_52 GTTGAGCTCAAGCTTTTGTTGTTTCCGGGTGTACAATATGGACTTCCTC 

oADH1P_31 GGTTCTAGATAGTTGATTGTATGCTTGGTATAGCTTGAAATATTG 

ZrAmdS_3 GGTGGCACGTAGGAGAAACATTGACGGTGCGATCTGCAGCC 

                                      
2 Zygosaccharomyces rouxii is a budding yeast that belongs to the same taxonomic family (Saccharomycetaceae) as 

Saccharomyces cerevisiae. 
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ZrAmdS_5  GAGGACTGCTGCAGCTGCCACTATGCTGTCATAGCGAGG 

oZrAmdS_31 GTGCGGCCGCTGGATCCCGTTGCGATACAGTACCATCGGATAAACAG 

oZrAmdS_51 GGACTAGTCAAATGACTGCCCCCTATAAGACTGAAAAATTCGCC 

 
 

2. 3. Construction of plasmid pScFBA1-426N 
 

2.3.1. Construction of pNY9 and pNY13 

 

Plasmid pNY9 was constructed by gap repair cloning. A 1197 bp DNA fragment containing codon 

optimized version of ter from Clostridium acetobutulicum, encoding the butyl-CoA 

dehydrogenase, was synthesized by DNA2.0 and inserted into plasmid pJ2 (DNA2.0 vector, based 

on pUC, see http://dnasu.asu.edu/DNASU/GetVectorDetail.do?vectorid=443). The resulting 

plasmid was named pTERy, which was digested with SphI and NotI restriction enzymes to obtain 

a DNA fragment containing the ter ORF.   

 

A 1 kb DNA fragment containing the FBA1 promoter region (chromosome XI:327489-328488) of 

S. cerevisiae was PCR amplified from genomic DNA of yeast strain S288C using primers OT760 

and OT792 (Table 7).       

 

A 1048 bp DNA fragment containing the FBA1 terminator region (Chromosome XI:326407-

325404, reverse orientation) was amplified with primers OT764 and OT765 (Table 7), using 

genomic DNA of S. cerevisiae strain BY4741 (see e.g. Brachmann et al., 1998) as template. The 

sequence of the PCR product is confirmed by sequencing and shown in Figure 14.     

 

The three DNA fragments, the FBA1 promoter, ter ORF and the FBA1 terminator were combined 

with BamHI, HindIII digested vector pRS426 (Sikorski & Hieter, 1989) and transformed into yeast 

BY4741 for gap repair recombination. The resulting plasmid was named pNY9 (Donaldson et al., 

2006).    

 

A 3.2 kb fragment containing the FBA1-ter-FBA1t cassette was isolated from plasmid pNY9 by 

SacI and XhoI restriction digestion, and ligated into vector pRS423 (Sikorski & Hieter, 1989) 

digested with the same two enzymes. The resulting plasmid was named pNY13 (Donaldson et al., 

2006), which is illustrated in Figure 15.  

 

2.3.2. Construction of pRS423-FBAp-ilvD-lumino-FBA-t 

 

A gap repair method was used to clone the ilvD genes from Streptococcus mutans into pNY13.  

Primers IlvD-F (Strep) and IlvD-R (Strep) were used to amplify the ilvD ORF from S. mutans 

ATCC 700610 genomic DNA (Table 7).  After purification, the PCR products were directly 

transformed into yeast competent cells together with the pNY13 vector DNA, which had been 

digested with SphI and NotI. The resulting plasmid was named pRS423-FBAp-ilvD-lumino-FBA-t 

(Figure 16).     
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2.3.3. Construction of pWS358-PGK1p-GUS 

 

A 1.8 kb DNA fragment containing the E. coli GUS gene (GenBank Accession# CP002729.1, 

1998460-2000271) was generated by PCR with primers T-GUS and B-GUS (Table 7), using 

plasmid pDMW212 (Ex. 7, Picataggio & Zhu, 2005) as template. The GUS ORF in pDMW212 is 

originally from pBI101 (Jefferson et al. 1987). The PCR product was digested with SpeI and NotI.  

 

Primers T-PGK1 and B-PGK1 (Table 7) were used to amplify a 700 bp DNA fragment containing 

the S. cerevisiae PGK1 promoter (Chromosome III:137046-137745) using CEN.PK113-7D 

genomic DNA (e.g. see van Dijken et al., 2000). This fragment was digested with SalI and SpeI. 

Separately, plasmid pRS423-FBAp-ilvD-lumino-FBA-t (see step 2.3.2) was digested with SalI and 

SpeI, and a 998 bp fragment containing the FBA1 promoter was excised. The vector portion was 

ligated with the 700 bp PGK1 promoter fragment. The resulting plasmid was digested with SpeI 

and NotI to excise a 1.7 kb fragment containing the ilvD gene of S. mutans (GenBank Accession# 

AE014133.2, 1994475-1996187). The vector was ligated with the digested 1.8 kb PCR product 

containing the E. coli GUS gene (see above). The resulting plasmid was named pWS358-PGK1-

GUS (Figure 17).   

 

2.3.4. Construction of pWS358-FBA1p-GUS and pRS316-FBA1p-GUS 

 

A 633 bp DNA fragment containing the FBA1 promoter region (Chromosome XI:328089-327488, 

reverse orientation) was PCR amplified from genomic DNA of S. cerevisiae strain CEN.PK113-

7D (e.g. see van Dijken et al., 2000) with primers T-FBA1 and B-FBA1 (Table 7). The sequence 

of the fragment is confirmed by sequencing, and shown in Figure 18.  The DNA fragment was 

digested with SalI and SpeI.  The PGK1 promoter fragment from plasmid pWS358-PGK1p-GUS 

was removed by digestion with SalI and SpeI. The vector was ligated with the 633 bp FBA1 

promoter fragment. The resulting plasmid was designated as pWS358-FBA1p-GUS.  

 

pWS358-FBA1p-GUS was digested with SalI and SacI, a DNA fragment containing the FBA1 

promoter, the GUS gene, and FBA1 terminator was cloned into pRS316 (Sikorski & Hieter, 1989) 

between SalI and SacI sites to create pRS316-FBA1p-GUS (Figure 19). 

 

2.3.5. Construction of pJT257 

 

Plasmid pJT257 (Figure 20) is based on pRS316-FBA1p-GUS. The GUS ORF is replaced by the 

green fluorescence protein (GFP) variant ZsGreen ORF. It is constructed as follows. A DNA 

fragment containing the ZsGreen ORF was generated by PCR with primers N1316 and N1317 

(Table 7) using pZsGreen, a pUC19-derived vector (Clontech), as template. The amplified 

fragment was digested with SpeI and NotI. pRS316-FBA1p-GUS was also digested with SpeI and 

NotI to excise the GUS ORF. The vector backbone was gel purified and ligated with the digested 

ZsGreen fragment.   

 

2.3.6. Construction of pScFBA1-426N 
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Plasmid pJT257 was digested with SacI and SalI, which released a 2337 bp fragment containing 

the S. cerevisiae FBA1 promoter, the ZsGreen ORF and the S. cerevisiae FBA1 terminator. The 

DNA fragment was gel purified. The yeast vector pRS426 (GenBank Accession# U03451, 

Sikorski & Hieter, 1989) was digested with SacI and SalI, and purified with Qiagen Qiaquick PCR 

purification kit. The two purified DNA fragments from pJT257 and pRS426 were ligated together. 

The resulting plasmid was named pScFBA1-426N (Figure 21).  

 
Table 7. Primers used for construction of pScFBA1-426N 

Primer Name Primer Sequence 

OT760 CGAAAATAGGGCGCGCCACTGGTAGAGAGCGACTTTGTATGCCCCAATTG 

OT764 AGAGCCTTAAGCGGCCGCGTTAATTCAAATTAATTGATAT  

OT765 GGAACAAAAGCTGGAGCTCCACCGCGGTGGTTTAACGTATAGACTTCTAATATATTTC

TCCATACTTGGTATT 

OT792 CCCTTGACGAACTTGGCCTTCACTAGCATGCTGAATATGTATTACTTGGTTATGGTTA

TATATGACAAAAG  

IlvD-F(Strep) ATAACCATAACCAAGTAATACATATTCAAACTAGTATGACTGACAAAAAAACTCTTAA

AGACTTAAG 

IlvD-R(Strep) CTATATCAATTAATTTGAATTAACGCGGCCGCTTAACCACAGCAACCAGGACAACATT

TTTTGCCAGTTTCTTCAGGCTTCCAAAAG 

T-PGK1 ATTCTACGTACGTCGACGTGAGTAAGGAAAGAGTGAGGAACTATCGCATACCTGC 

B-PGK1 

 

GTATCAAATACTAGTTTTATATTTGTTGTAAAAAGTAGATAATTACTTCCTTGATG 

T-FBA1 ATTCTACGTACGTCGACGCCTACTTGGCTTCACATACGTTGCATACG 

B-FBA1 GTATCAAATACTAGTTTGAATATGTATTACTTGGTTATGGTTATATATG 

T-GUS  GTATAGCATACTAGTATGGTACGTCCTGTAGAAACCCCAACCCG 

B-GUS  TCTCGGGCCGCGGTGGCGGCCGCTCTAGTTAATTAATCATTGTTTGCC 

N1316 CTACTAGTGCCACCATGGCTCAGTCAAAGC 

N1317 GAGTCGCGGCCGCTCAGGGCAATGC 

 

  

2.4. Construction of plasmid pTRGA-F-426N  
 

Plasmid pScFBA1-426N was digested with SpeI and NotI, which released a 713 bp fragment 

containing the GFP variant ZsGreen. The vector backbone was gel purified using Qiagen gel 

extraction kit. 

 

A 1980 bp DNA fragment containing an ORF encoding the codon optimized T. reesei 

glucoamylase variant CS4 (GenBank Accession# GL985056, T. reesei, v2.0 Scaffold 1, 1490666 

to 1492814), fused with the S. cerevisiae invertase (GenBank accession number AB534212.1) 

signal sequence at the N-terminus, was synthesized by DNA2.0 (California, US) and inserted into 

pUC-derived plasmid pJ208 (DNA2.0, for more details on the plasmid see 

(www.dna20.com/index.php?pageID=278) to generate Plasmid pJ208-81233.   

 

Plasmid pJ208-81233 was digested with SpeI and NotI, which released a 1896 bp DNA fragment 

containing the invertase-CS4 fusion ORF. This fragment was gel purified using Qiagen gel 

extraction kit. The two purified DNA pieces from plasmids pScFBA1-426N and pJ208-81233 
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were ligated, and transformed into E. coli strain Top10 (Invitrogen). The resulting plasmid is 

named pTRGA-F-426N (Figure 22 – see step 2.5). 

 
 

2.5. Construction of plasmid pX(DeltaTrGA-FZrAmdS) 
 

Vector pX(DeltaTrGA-FZrAmdS) has been constructed by ligation of three DNA fragments:  

  

• 1.9 kb fragment comprising the whole of pX(T-Delta) vector (see step 2.1) except 10 bp 

artificial linker sequence separating the SacI and AscI restriction sites. 

• 3.05 kb SacI-AscI DNA fragment from plasmid pADH(ZrAmdS-T) (see step 2.2). This 

fragment carries Z. rouxii acetamidase gene under control of ADH1 promoter of S. 

cerevisiae.  

• 3.5 kb SacI-AscI DNA fragment from plasmid pTRGA-F-426N comprising T. reesei 

glucoamylase gene variant CS4 fused with the S. cerevisiae invertase under control of the 

S. cerevisiae FBA1 promoter (see step 2.4).  

 
The construction of pX(DeltaTrGA-FZrAmdS) is illustrated by Figure 22. It contains a total of 

8526 base pairs of sequence. This sequence is shown in Figure 23. 

 
 

2.6. Construction of plasmid pDelta-TrGA-F-URA3R 
 

Plasmid pX(DeltaTrGA-FZrAmdS) was digested with HindIII to release the AmdS cassette, and the 6 

kb vector backbone was ligated with a 1.2 kb fragment containing the yeast URA3 gene, obtained by 

digestion of pBlue-ScURA3 with HindIII.  pBlue-ScURA3 was constructed by digesting pJJ242 

(Jones and Prakash, 1990) with HindIII, isolating the 1.2 kb fragment containing the S. cerevisiae 

URA3 gene, and ligating the fragment with pBluescript SK(-) digested with HindIII. The final 7148 

bp plasmid was named pDelta-TrGA-F-URA3R (Figure 24). The full sequence of the plasmid is 

shown in Figure 25 (supplemented with an amino acid sequence alignment of CS4 in Figure 26). 

Figure 27 illustrates the final plasmid, while Table 8 below lists the functional elements of pDelta-

TrGA-F-URA3R. 

 
Table 8. Functional and structural elements of pDelta-TrGA-F-URA3R*  

No Sequence 

positions (bp) 

Functional/Structural element Origin Comment 

1 1-63 Part of Z. rouxii acetamidase 

gene (non-coding) 

Z. rouxii chromosomal DNA Remnant overlap sequence 

(non-coding) of the amdS gene 

originating from plasmid 

pX(DeltaTrGA-FZrAmdS).  

2 64-77 Part of PacI restriction site Artificial sequence, added to 

create restriction site 

 

3 78-508 FBA1 terminator S. cerevisiae chromosome Natural yeast terminator 

sequence  

4 509-516 AscI restriction site Artificial sequence  
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5 517-625 3’-half of the yeast delta 

sequence 

S. cerevisiae chromosome The role of this sequence is to 

target the integration of 

transforming DNA into the 

delta-sequence of yeast (an area 

with no known useful function 

for the host) 

6 626-629 Half of SwaI/SmiI restriction 

site 

Artificial sequence, added to 

create a restriction site 

 

7 630-640 CaiI-SfiI splice Artificial sequence Created by ligation during 

vector construction 

8 641-2324 Bacterial vector sequence pMOB E.coli plasmid In the course of construction of 

this vector, plasmid pMOB was 

used to obtain these sequences. 

However,  exactly the same 

sequence is present in the 

widely used E. coli vector 

pUC19 

9 692-1550 Ampicillin resistance gene 

CDS, a sub-sequence of (8)  

pMOB E.coli plasmid The Ampicillin resistance gene 

is not part of the fragment being 

transferred to the production 

strain. 

10 1661-2324 ColE1 plasmid origin of 

replication 

pMOB E.coli plasmid  

11 2325-2334 PstI/NsiI splice Artificial sequence Created by ligation during 

vector construction 

12 2331-2338 SwaI/SmiI restriction site   

13 2335-2440 5’- half of the yeast delta 

sequence 

S. cerevisiae chromosome The role of this sequence is to 

target the integration of 

transforming DNA into the 

delta-sequence of yeast (an area 

with no known useful function 

for the host) 

14 2441-2457 Linker sequence comprising 

SalI and SfiI restriction sites 

Artificial sequence, added to 

create restriction sites 

 

15 2458-3058 FBA1 promoter S. cerevisiae chromosome Natural yeast promoter 

sequence driving the expression 

of TrGA CS4 gene 

16 3059-3064 SpeI restriction site Artificial sequence, added to 

create a restriction site 

 

17 

 

3065-4960 Sequence coding for a fusion 

of S. cerevisiae invertase 

(Suc2p) signal peptide with 

T. reesei  glucoamylase 

variant CS4 

Artificial sequence, designed 

to encode a protein sequence 

with yeast-optimal codon 

selection 

The sequence was synthesized 

by DNA2.0 Inc. The same 

company provided the yeast-

optimised codon selection 

18 3059-3115 A sub-sequence of the above 

(16), encodes invertase signal 

peptide 

Artificial sequence, identical 

to the yeast genomic 

sequence of native invertase 

signal peptide 

Part of the codon-optimised 

design of the invertase-CS4 

fusion  

19 3116-3153 A sub-sequence of (16) 

encodes propeptide of 

glucoamylase CS4 

Artificial sequence, designed 

to encode a protein sequence 

with yeast-optimal codon 

Expected to be cleaved by 

KEX2 protease during secretion 
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selection 

20 4961-4968 NotI restriction site Artificial sequence, added to 

create a restriction site 

Shorter version of FBA1 

transcription terminator than 

(10).  Provides, in addition to 

transcription termination 

function, a direct repeat  that 

can be used to loop out 

acetamidase gene 

21 4969-5968 FBA1 gene transcription 

terminator 

S. cerevisiae chromosome  

22 5969-5986 SacI and SacII sites Artificial sequence designed 

to create restriction sites 

SacI and SacII 

 

23 5987-7148 S. cerevisiae URA3 S. cerevisiae chromosome The URA3 gene is used as a 

marker to allow the selection of 

transformants. 

*The grey area comprises the ~5.4 kb DNA fragment integrated into the final production strain FG56 (see below). 

 
 

3. Transformation of yeast with glucoamylase-expression cassette and isolation of 

glucoamylase-producing yeast strain 

 
 

3.1. Transformation of FG-ura3 
 

Plasmid pDelta-TrGA-F-URA3R was digested with SwaI and the 5.4 kb DNA fragment 

comprising the glucoamylase expression cassette and the URA3 marker, but free of any DNA of 

bacterial or plasmid origin, was isolated by agarose gel electrophoresis.   

 

Strain FG-ura3, a derivative of FerMaxTM Gold, was transformed by electroporation with the 5.4 

kb purified DNA fragment described above. Transformation was done as described in section 1.2.  

Transformed cells were plated on SD-Ura plates and incubated at 30ºC for 2 days. 

 

 
3.2.   Screening of transformants and isolation of the strain FG56 

 
Transformants able to grow on media lacking uracil were cultivated in synthetic minimal medium 

with 10 g glucose/L overnight at 30ºC.  Subsequently, the cells were separated by centrifugation 

and the supernatants assayed for glucoamylase activity using an enzyme activity assay. The assay 

was done using 3.2% (w/v) potato amylopectin (Sigma) in 0.1 M potassium acetate pH 5.0, 10mM 

CaCl2.  Aliquots of culture supernatants were added to the amylopectin solution and incubated at 

40ºC for 20 min. Known amounts of purified glucoamylase CS4 were used to build a calibration 

curve for the assay. 

 

Several transformant clones exhibiting high glucoamylase activity were streaked on SD-Ura plates 

to isolate single colonies. Single colony isolates were re-tested by growing on minimal medium 
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and assaying glucoamylase activity. One such isolate expressing high level of glucoamylase was 

named FG56. This strain contains 3-6 copies of the glucoamylase CS4 expression cassette, which 

have been integrated into (not experimentally confirmed) delta sequences in its genome (Sakai et 

al., 1990). 

 

 

3.3. Testing strain FG56 for the absence of bacterial/plasmid DNA 

 
Cells from an overnight culture of strain FG56 as well as control strains FerMaxTM Gold, FG3E 

(positive control for vector backbone and TrGA), and 88F437 (positive control for KanMX and 

TrGA) in YEPD broth were collected; and subsequently high molecular weight RNA-free DNA 

was isolated using Puregene Yeast/Bact Kit B (Qiagen) followed by addition of  phenol-

chloroform extraction.  
 

Approximately 4 ug of DNA from each strain were digested individually with 7.5U/µg of 

restriction endonucleases SspI and PvuI. As controls, approximately 1 ng, equalling about 1 

haploid genome equivalence, of plasmids pGAL-Cre-316 (step 1.1.5) and ura3 disruption plasmid 

pTOPO URA3 KanMX (step 1.1.3) were digested in parallel. Digested DNA was separated on a 1% 

agarose gel by electrophoresis. The images of ethidium bromide stained gels were recorded at the 

end.  DNA was transferred from treated gels onto Whatman Nytran SuPerCharge membranes 

using TurboBlotter system (http://www.whatman.com/References/TurboBlotter.pdf).    
 

The following DNA samples were generated by PCR for use as labeling templates for 

hybridization probes for detecting the presence of any unanticipated heterologous sequences in 

strain FG56.  Primers 1000/1001 (Table 9) were used to amplify a 1034 bp fragment containing 

the Cre recombinase.  Primers 1002/1003 (Table 9) were used to amplify a 3412 bp fragment 

containing the pTOPO II-Blunt vector sequence.  Primers 887/757 (Table 9) were used to amplify 

a 1756 bp fragment containing the KanMX gene. Miniprep DNA of whole plasmid pBluescript KS 

+ (Stratagene), the base vector for pGAL-Cre-316, was also labeled for use as a probe. A small 

quantity of labeled bacteriophage lambda DNA was mixed with each labeled probe to visualize the 

molecular weight markers. 

 
Table 9. Primers used to make labeled probes for Southern analysis 
RPG1000 TCCTAATCGCCATCTTCCAGCAGG 

RPG1001 ATGTCCAATTTACTGCCCGTACACCA 

RPG1002 GGCCCAATTCGCCCTATAGTGAGTC 

RPG1003 GGTACCAAGCTTGATGCATAGCTTGAGTAT 

RPG757 ACGAAUTGGGUACCCGAACAGAGAAACTAAATCCACATTAATTG 

RPG887 AGCAUACATTAUACGAAGTTATCAAGTAGGCGTCGACCTAGGGATTCA 

 
Radioactive labelling of probe DNA was done using Amersham RediprimeTM random prime 

labeling system (GE Healthcare) according to the manufacturer’s instructions.  Hybridization 

signals were visualized using Storm PhosphorImager (Amersham).   
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The result of the Southern analysis is shown in Figure 28. No bacterial or plasmid DNA was found 

in strain FG56. 

 

FG56 was deposited as GICC03435 in the DuPont Industrial Biosciences Culture Collection and is 

used as the glucoamylase production strain. 

 

Subsequently, an improved thermo-tolerant classical variant of FG56 (8E7 – GICC03439) was 

chosen following selection under thermal pressure at 38ºC in starch media. 

 
 

4. Construction of alpha-amylase expression plasmid and progenitor plasmids 
 
4.1. Construction of plasmid containing FBA1 promoter fused to MF(ALPHA)1 signal sequence 
– pScFBA1-426N(HG-GA) 
 
 
 
Plasmid pScFBA1-426N(HG-GA) served as a PCR template donating the fusion of the FBA1 
promoter sequence to the MF(ALPHA)1 signal sequence and donating the FBA1 terminator sequences 
used in the cassette integrated in yeast strain A10 (Section 4.5).  
 
A 2067 bp DNA fragment was synthesized and inserted into vector pUC57 by GeneScript (New 
Jersey, USA) to generate plasmid pUC57(HG-GA). The synthetic DNA contains a fusion between 
the following elements listed 5’ to 3’:  

1) SpeI and EcoRI restriction sites 
2) 3’ most 26 nucleotides of the 5’ UTR of the S. cerevisiae MF(ALPHA)1 
3) the coding sequence of the S. cerevisiae MF(ALPHA)1 pre-pro sequence fused in frame to 
4) a sequence coding a two amino acid (EA) spacer fused in frame to 
5) a yeast-codon optimized ORF encoding a Humicola grisea glucoamylase lacking its native 

signal sequence fused in frame to 
6) a second tandem TAA stop codon 
7) a BamHI restriction site, a single nucleotide T spacer, and NotI restriction site 

DNA sequence of the cloned synthetic fragment is shown in Figure 31. The 2115 bp SpeI to NotI 
restriction fragment from pUC57(HG-GA) was then subcloned into the same restriction sites of 
plasmid pScFBA1-426N (Section 2.3) to place the gene under the control of the FBA1 promoter 
and terminator sequences generating plasmid pScFBA1-426N(HG-GA). Figure 32 illustrates the 
plasmid. 
 
4.2. Construction of plasmid containing PGK1 promoter fused to MF(ALPHA)1 signal sequence 
– pENTR(PGK1-AC-AA) 
 
Plasmid pENTR(PGK1-AC-AA) served as a PCR template donating the fusion of the PGK1 
promoter sequence to the MF(ALPHA)1 signal sequence used in the cassette integrated in yeast strain 
A10 (Section 4.5).  
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DNA fragments carrying promoter and transcription terminator sequences of S. cerevisiae OL1 strain 
(Boy-Marcotte & Jacquet, 1982) were amplified by PCR using primer pairs oPGK1_P_5 and 
oPGK1_P_3 for the promoter and oPGK1_T_5 and oPGK1_T_3 for the transcription terminator.  
Resulting PCR products were purified using Qiagen PCR purification columns and a mixture of the 
two products were used as a template in a PCR with the primer pair oPGK1_P_5 and oPGK1_T_3.  
The resulting “fusion PCR” product of 1.1 kb was cloned in the pENTR/D-TOPO vector using a 
TOPO-cloning kit from Invitrogen. PCR amplicons used in the construction are listed in Table 10 and 
primers are listed in Table 11. The resulting vector pENTR(PGK1-PT) is shown on Figure 33. 
 
Table 10. Amplicons used for construction of pENTR(PGK1-PT) 

Fragments Primer Primer Template Size 

pPGK1 oPGK1_P_5 oPGK1_P_3 OL1 gDNA 804 

tPGK1 oPGK1_T_5 oPGK1_T_3 OL1 gDNA 334 

PGK1-PT oPGK1_P_5 oPGK1_T_3 pPGK1 + tPGK1 1105 

 
Table 11. Primers used to amplify promoter and transcription terminator of the yeast PGK1 gene 

  

oPGK1_T_3 CAAGCTTGAGCTCGAGTTATTAAACTTAAAATACGCTGAACCCGAAC 

oPGK1_T_5 ACTAGTGAATTCGACCTGGGATCCGCGGCCGCCAGGTGTTGCTTTCTTAT

CCGAAAAGAAATAAATTG 

oPGK1_P_3 GGCGGCCGCGGATCCCAGGTCGAATTCACTAGTTGTAAAAAGTAGATAAT

TACTTCCTTGATGATCTG 

oPGK1_P_5 CACCTGGCCTTAATGGCCGTCGACTTCAACTCAAGACGCACAGATATTAT

AACATCTGC 

 

A 2162 bp DNA fragment was synthesized by GeneArt (Thermo Fisher Scientific) and received in 
a plasmid vector as pMK-RQ(AC-AA). The synthetic DNA contains the fusions between the 
following elements listed 5’ to 3’:  

1) SpeI and EcoRI restriction sites 
2) 3’ most 26 nucleotides of the 5’ UTR of S. cerevisiae MF(ALPHA)1 
3) the coding sequence of S. cerevisiae MF(ALPHA)1 pre-pro sequence fused in frame to 
4) a yeast-codon optimized ORF encoding an Aspergillus clavatus alpha-amylase lacking its 

native signal sequence fused in frame to 
5) BamHI and NotI restriction sites 

DNA sequence of the cloned synthetic fragment is shown in Figure 34. The 2146 bp SpeI to BamHI 
restriction fragment from pMK-RQ(AC-AA) was then subcloned into the same restriction sites of 
plasmid pENTR(PGK1-PT) to place the gene under the control of the PGK1 promoter and 
terminator sequences generating plasmid pENTR(PGK1-AC-AA). Figure 35 illustrates the plasmid. 
 
4.3. Construction of plasmid containing amyE$4A5 variant expression cassette – pRS316-mfass-
yAmyE 
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To generate a yeast expression cassette for amyE$4A5, an engineered variant of the B. subtilis alpha-
amylase AmyE, first a synthetic yeast-codon optimized version of the ORF was cloned. Next the 
portion encoding the mature peptide was subcloned into a yeast CEN/ARS-E.coli shuttle vector to 
fuse it to the MF(ALPHA)1 signal sequence and place it under the control of the FBA1 promoter and 
terminator sequences. 
 
A 1414  bp DNA fragment containing a yeast-codon optimized ORF encoding a variant of B. subtilis 
AmyE with an N-terminal fusion to its native pro-peptide and the S. cerevisiae MF(ALPHA)1 
secretion signal sequence was synthesized and inserted into vector pUC57-Kan by GeneScript 
(New Jersey, USA) to generate plasmid pUC57-kan yAmyE. DNA sequence of the cloned 
synthetic fragment is shown in Figure 36. Alignment of AmyE$4A5 variant amino acid sequence 
with translated native Bacilus subtilis amyE (GenBank accession number JA365527.1) is provided in 
Figure 37. From this plasmid, only the sequence coding the mature AmyE protein was used (called 
Fragment 4.x.3 in Table 12 below) and was integrated in strain A10.  
 
Plasmid pRS316-mfass-yAmyE was constructed to generate an expression cassette for amyE$4A5, 
by fusion of the DNA encoding the mature peptide (Fragment 4.x.3) to the FBA1 promoter and 
MF(ALPHA)1 signal sequence (Fragment 4.x.4), the FBA1 terminator sequence (4.x.2) and the 
pRS316 CEN/ARS yeast-E.coli shuttle vector (4.x.1). It was constructed by the in vitro assembly of 
four PCR amplicons following treatment with the USER enzyme cocktail (NEB, Bitinaite et al. 
2007).  Table 12 lists the amplicons used in the assembly and Table 13 provides the primer sequences. 
E.coli clones transformed with the assembly reaction were then screened for those carrying the 
correctly assembled fragments as assayed by restriction fragment analysis and Sanger sequencing. 
Figure 38 illustrates the plasmid. The expression cassettes integrated into the genome of strain A10 
were subcloned from this plasmid. 
 
Table 12. PCR amplicons assembled for the construction of plasmid pRS316-mfass-yAmyE  

Fragments Primer Primer Template Size 

4.x.1 pRS316 RPG759 RPG760 pRS316 derivative* 3933 

4.x.2 T[FBA1] RPG811 RPG756 pScFBA1-426N(HG-GA) 1046 

4.x.3 amyE yeast 
codon optimized 

RPG859 RPG855 pUC57-kan yAmyE 1304 

4.x.4 P[FBA1]-
mf(alpha) signal 
sequence 

RPG807 RPG845 pRS316-mfa-TrGA** 713 

*Except for the 5 prime extensions on the primers, sequences present in the amplicon are fully 
contained within the pRS316 published sequence (GenBank Accession# U03442; Sikorski & Hieter, 
1989); therefore, the amplicon is molecularly equivalent to the use of pRS316 as the PCR template. 
** pRS316-mfa-TrGA contains a subclone of the same FBA1 promoter to MF(ALPHA)1 signal 
sequence fusion from pScFBA1-426N(HG-GA) (Section 4.1) and the amplicon is therefore 
molecularly equivalent to the use of pScFBA1-426N(HG-GA) as the PCR template. 
 
Table 13. Primers used for construction of pRS316-mfass-yAmyE 

Primer Name Primer Sequence* 
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RPG756 AAGCUGGAGCUCCACCGCGGTGGTTTAAC 

RPG759 AGCUCCAGCTUGGGCCATCGCCCTGATAGACG 

RPG760 AGCUCCAGCTUCGCGTTGCTGGCGTTTTTCC 

RPG807 AAGCUGGAGCUGGTCGACGCCTACTTGGCTTCACA 

RPG811 AATCTUAAGGAUCCTGCGGCCGCGTTAATTCA 

RPG845 AGCUAATGCUGAGGATGCTGCGAATAAAACTGC 

RPG855 AGCAUTAGCUGCAACAGCACCATCCATCAAAAGTATG 

RPG859 ATCCTUAAGATUATCAGTCAGGATACAATACGGCGACAC 

*U denotes deoxyuricil nucleotides incorporated into the primers and demark the sequence overlaps 
used in the assembly.  
 
4.4. Construction of plasmid containing ILV2 variant – pCR-ilv2 
 
For the isolation of yeast strains transformed with the alpha-amylase expression cassettes, the 
cassettes were linked to a variant allele of native the S. cerevisiae ILV2 gene that confers resistance to 
sulfonylurea-type herbicide chlorimuron ethyl.  Plasmid pCR-ilv2 contains a variant allele of the ILV2 
gene with an amino acid change from P at position 192 to S, which makes the enzyme less inhibited 
by a sulfonylurea-type herbicide (Xie & Jiménez, 1996). The engineered variant was generated by 
two sequential PCR amplification steps. In the first step, an 1134 bp fragment from the 5’ end of ILV2 
to the mutation site was amplified with primers oJKL-008 and oJKL-017 and a 1748 bp fragment 
from the 3’ end of ILV2 to the mutation site was amplified with primers oJKL-016 and oJKL-012. 
Both reactions used genomic DNA from S. cerevisiae strain OL1 (Boy-Marcotte & Jacquet, 1982) as 
template. The inner primers, oJKL-016 and oJKL-017, contain the C to T nucleotide change that 
codes the amino acid substitution.  In addition, these primers overlap by 46 nucleotides allowing the 
two PCR products to anneal and extend when combined in the next step of PCR amplification with 
the outside primers oJKL-008 and oJKL-012. The 2836 bp fusion PCR product was then blunt end 
cloned into vector pCR®-Blunt II-TOPO® using the Zero Blunt® TOPO® PCR Cloning Kit 
(Invitrogen/Life Technologies).  
  
The experimentally determined sequence of engineered ILV2 is provided in Figure 39.  
 
Table 14. Amplicons used for construction of pCR-ilv2 

Fragments Primer Primer Template Size 

5’ILV2 oJKL-008 oJKL-017 OL1 gDNA 1134 

3’ILV2 oJKL-012 oJKL-016 OL1 gDNA 1748 

ILV2 oJKL-016 oJKL-017 5’ILV2 + 3’ILV2 2836 

 
Table 15. Primers used for construction of pCR-ilv2 

Primer Name Primer Sequence* 

oJKL-008 TGGCAATCTCGAGTTAATTAACAGTCGGCACGGATGAAAG 

oJKL-012 CCTCAAGAGCTCAGATTTATCAAATACTACCAACTCAC 

oJKL-016 GTTGTCTTTACAGGGCAAGTCtcaACTAGTGCTATCGGTACTGATG 
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oJKL-017 CATCAGTACCGATAGCACTAGTtgaGACTTGCCCTGTAAAGACAAC 

*bases in lower case code the amino acid, mutated base is highlighted and the underlined bases were 
added to introduce convenient restriction enzyme sites and buffer for subcloning. 
 
 
4.5. Construction of plasmid containing amyE$4A5 variant expression cassette – pX(Delta-fAEpAE-
ilv2) 
 
The large SwaI fragment of plasmid pX(Delta-fAEpAE-ilv2) was integrated into the genome of strain 
A10. This plasmid contains two expression cassettes for amyE$4A5 with an N-terminal fusion to the 
S. cerevisiae MF(ALPHA)1 signal sequence. The FBA1 promoter and terminator control expression 
from one cassette and the PGK1 promoter and FBA1 terminator sequences control the other. Both 
cassettes are linked to a variant allele of ILV2 that confers resistance to chlorimuron ethyl to 
transformed yeast strains.  
 
Plasmid pX(Delta-fAEpAE-ilv2)  was constructed by the in vitro assembly of five PCR amplicons 
following treatment with the USER enzyme cocktail (NEB, Bitinaite et al., 2007).  Table 16 lists the 
amplicons used in the assembly and Table 17 provides the primer sequences. E.coli clones 
transformed with the assembly reaction were then screened for those carrying the correctly assembled 
fragments as assayed by restriction fragment analysis and Sanger sequencing. Figure 40 illustrates the 
final plasmid, while Table 18 lists the functional elements.  
 
Table 16. Amplicons used for construction of pX(Delta-fAEpAE-ilv2) 

Fragments Primer Primer Template Section Size 

4.x.1 pX(delta) RPG763 RPG764 pX(Delta) 2.1 1939 

4.x.2 ilv2 RPG812 RPG837 pCR-ilv2  4.4 2827 

4.x.3 P[FBA1]-amyE-
T[FBA1] 

RPG804 RPG852 pRS316-mfass-yamyE 4.3 2869 

4.x.4 P[PGK1]-mfass RPG836 RPG845 pENTR-pPGK1-AcAA 4.2 855 

4.x.5 amyE(mature)-
T[FBA1] 

RPG855 RPG756 pRS316-mfass-yAmyE 4.3 2335 

 
 
Table 17. Primers used for construction of pX(Delta-fAEpAE-ilv2) 

Primer Name Primer Sequence* 

RPG756 AAGCUGGAGCUCCACCGCGGTGGTTTAAC 

RPG763 AGCUCCAGCTUGAAGCTGAAGTGCAAGGATTGATAATGTAA 

RPG764 AGCUCCAGCTUCTCTAACCTCGATGACAGCTTCTCATAACTT 

RPG804 ACGAAUTGGGUCGACGCCTACTTGGCTTCACATAC 

RPG812 AAGCUGGAGCUGAGCTCAGATTTATCAAATACTACCAACTCACTTG 

RPG836 ACCCAAUTCGUCGCCCCCTTCACCTGGCCTTAAT 

RPG837 ACACUACGACUCGGCACGGATGAAAGGTGACA 



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 60 of 116 

RPG845 AGCUAATGCUGAGGATGCTGCGAATAAAACTGC 

RPG852 AGTCGUAGTGUGGGAAGCATTCAAGGATTGGTACG 

RPG855 AGCAUTAGCUGCAACAGCACCATCCATCAAAAGTATG 

*U denotes deoxyuricil nucleotides incorporated into the primers and demark the sequence overlaps 
used in the assembly.  
 
 
Table 18. Functional and structural elements of pX(Delta-fAEpAE-ilv2)*  

N
o 

Sequence 
positions 

(bp) 

Functional/Structural element Origin Comment 

1 1-8 SwaI/SmiI restriction site   

2 9-115 5’- half of the yeast delta 
sequence 

S. cerevisiae chromosome The role of this 
sequence is to 
target the 
integration of 
transforming DNA 
into the delta-
sequence of yeast 
(an area with no 
known useful 
function for the 
host) 

3 116-126 GAGCT-SacI non-coding linker sequence Cloning site 

4 127-2926 engineered variant of  ILV2 S. cerevisiae chromosome Confers resistance 
to herbicide 
chlorimuron ethyl 

5 2927-
2935 

GTCGTAGTG non-coding linker sequence Cloning site 

6 2936-
3782 

FBA1 gene transcription 
terminator 

S. cerevisiae chromosome Native yeast 
transcriptional 
terminator 

7 3783-
3803 

NotI-A-BamHI-TTAAGA non-coding linker sequence Cloning sites 

8 3804-
5084 

amyE$4A5, engineered 
variant of Bacillus subtilis 
amylase (amyE) 

The sequence was 
synthesized by Genescript. 
The same company provided 
the yeast-optimized codon 
selection. 

alpha-amylase 
coding sequence 

9 5085-
5141 

MF(ALPHA)1 signal 
sequence 

S. cerevisiae chromosome Native yeast signal 
sequence 

10 5142-
5167 

MF(ALPHA)1 5’ 
untranslated region 

S. cerevisiae chromosome Native yeast 
untranslated region 
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11 5168-
5177 

partial EcoRI and SpeI sites  Cloning sites 

12 5178-
5779 

FBA1 promoter S. cerevisiae chromosome Native yeast 
promoter sequence 
driving the 
expression of 
amyE gene 

13 5780-
5824 

SalI-
CCAATTCGTCGCCCCCT
TCACCTGGCCTTAATGG
CCGTC 

non-coding linker sequence Cloning 

14 5825-
6576 

PGK1 promoter S. cerevisiae chromosome Native yeast 
promoter sequence 
driving the 
expression of 
amyE gene 

15 6577-
6583 

partial EcoRI and SpeI sites non-coding linker sequence Cloning sites 

16 6584-
6611 

MF(ALPHA)1 5’ 
untranslated region 

S. cerevisiae chromosome Native yeast 
untranslated region 

17 6612-
6668 

MF(ALPHA)1 signal 
sequence 

S. cerevisiae chromosome Native yeast signal 
sequence 

18 6669-
7949 

amyE$4A5, engineered 
variant of Bacillus subtilis 
amylase (amyE) 

The sequence was 
synthesized by Genescript. 
The same company provided 
the yeast-optimized codon 
selection. 

alpha-amylase 
coding sequence 

19 7950-
7970 

TCTTAA-BamHI-T-NotI non-coding linker sequence Cloning sites 

20 7971-
8973 

FBA1 gene transcription 
terminator 

S. cerevisiae chromosome Native yeast 
transcriptional 
terminator 

21 8974-
8993 

CCGCGGTGGAGCTCCAG
CTT 

non-coding linker sequence Cloning 

22 8994-
9092 

3’-half of the yeast delta 
sequence 

S. cerevisiae chromosome The role of this 
sequence is to 
target the 
integration of 
transforming DNA 
into the delta-
sequence of yeast 
(an area with no 
known useful 
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function for the 
host) 

23 9093-
9100 

SwaI/SmiI restriction site   

24 9101-
9110 

CaiI-SfiI splice non-coding linker sequence Created by ligation 
during vector 
construction 

25 9111-
10795 

Bacterial vector sequence pMOB E.coli plasmid In the course of 
construction of 
this vector, 
plasmid pMOB 
was used to obtain 
these sequences. 
However,  exactly 
the same sequence 
is present in the 
widely used E. coli 
vector pUC19 

26 9164-
10021 

Ampicillin resistance gene 
CDS, a sub-sequence of  () 

pMOB E.coli plasmid The Ampicillin 
resistance gene is 
not part of the 
fragment being 
transferred to the 
production strain. 

27 10132-
10795 

ColE1 plasmid origin of 
replication, a sub-sequence of  
() 

pMOB E.coli plasmid  

28 10796-
10801 

PstI/NsiI splice non-coding linker sequence Created by ligation 
during vector 
construction 

*The grey area comprises the ~9.1 kb DNA fragment integrated into the final production strain A10 
(see below). 
 
 
5. Transformation of yeast with alpha-amylase-expression cassette and isolation of alpha-
amylase-producing yeast strain 
 
5.1. Transformation of FG56  

 
Plasmid pX(Delta-fAEpAE-ilv2) was digested with SwaI and the 9.1 kb DNA fragment comprising 
the alpha-amylase expression cassettes and the ILV2 marker, but free of any DNA of vector origin, 
was isolated by agarose gel electrophoresis.   
 
This purified 9.1 kb fragment was used to transform strain FG56, a derivative of FerMaxTM Gold 
expressing glucoamylase (Section 3.2), by a lithium acetate/polyethylene glycol method as 
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described for the Yeast Transformation Kit (Sigma-Aldrich, catalog number YEAST1) with the 
exclusion of salmon sperm, or any other, carrier DNA. The transformation reaction was plated on 
1X Difco Yeast Nitrogen Base without Amino Acids (BD Biosciences) + 2% agar + 10 ug/ml 
chlorimuron ethyl (Chem Service, Inc.) plates and incubated at 30ºC for 6 days. 
 
5.2.   Screening of transformants and isolation of the strain A10 
 
Transformants able to grow on media containing 10 ug/ml chlorimuron ethyl were cultivated in 
citrate-buffered yeast nitrogen base without amino acids with 20 g glucose/L and 5 ug/ml 
chlorimuron ethyl for 3 days at 30ºC. Broth was collected by filtration then assayed on p-
nitrophenyl α-D-glucopyranoside (Sigma-Aldrich) for glucoamylase activity and Phadebas (Magle 
Life Sciences) for alpha-amylase activity relative to purified standards.  
 
Several transformant clones exhibiting desired glucoamylase and alpha-amylase activities were 
streaked onto 1X Yeast Nitrogen Base + 2% agar + 10 ug/ml chlorimuron ethyl plates to isolate 
single colonies. Single colony isolates were re-tested by growing on non-selective medium and 
assaying glucoamylase and alpha-amylase activities of the broth. One such isolate was named A10.   

 

5.3. Testing strain A10 for the absence of plasmid DNA 
 
High molecular weight RNA-free DNA was isolated from strain A10 as well as from FGGZ 
(FerMax Gold with all copies of the glycerol phosphate dehydrogenase genes deleted), control 
strain FG3E (positive control for vector backbone and TrGA) and control strain FG56 (parent 
strain that was previously demonstrated to be vector backbone free). Strains were grown overnight 
on YEPD agar. A loopful of these cells were washed in water, and resuspended in 1 ml of Tris-
buffered, pH7.5 1.2M sorbitol, with 50mM DTT. After a 30 minute incubation, 10 ul of 12mg/ml 
Zymolase in 50% glycerol was added and allowed to incubate for two hours. The cells were 
pelleted at 211 g (1.5k RPM on an Eppendorf 5424 24-place fixed angle rotor) for 10 minutes, and 
the supernatant removed. Cells were lysed with 500 ul of SDS in Tris-EDTA buffer. 500 ul of 
4.2M guanidinium hydrochloride, 0.9M potassium acetate, pH 4.8 buffer was added to this 
mixture, and then thoroughly vortexed. The resulting mixture was centrifuged at 15800g (13k 
RPM on previously mentioned centrifuge) for 10 minutes. The supernatant from this was pipetted 
into a fresh tube, where an equal volume of isopropanol was added. This was centrifuged at 
15800g for 10 minutes, and the supernatant was removed. The pellet was washed in 100% ethanol, 
and air-dried. The DNA pellet was resuspended in 100ul of 10mM Tris-EDTA buffer, with 1ul of 
added RNAse.  
 
Approximately 4 ug of DNA from each strain was digested individually with 10U/µg of restriction 
endonucleases EcoRI. Digested DNA was separated on a 1% agarose gel by electrophoresis. The 
Roche DIG-labeled marker III was used on the gel as a marker. The gels were not stained with 
ethidium bromide, as Roche suggests that it interferes with the sensitivity. DNA was transferred 
from treated gels onto Whatman Nytran SuPerCharge membranes using the TurboBlotter system 
(http://www.whatman.com/References/TurboBlotter.pdf) neutral transfer conditions.    
 
Labeled probes were generated by PCR using the Roche DIG Probe Synthesis kit. These 
hybridization probes are used for the detection of the presence of any unanticipated heterologous 
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sequences in strain A10.  Primers amp_bac_5-1 and amp_bac_3-1 (Table 19) were used to amplify 
a 1692 bp fragment containing the bacterial origin of replication and ampicillin resistance marker.   
 
Table 19. Primers used to make labeled probes for Southern analysis 

amp_bac_5-1 GGCCATGAGACAATAACCCTG 

amp_bac_3-1 GCAGCGTTGCTGGCG 

 
Detection of hybridized DIG labeled probe was done using the Roche chemiluminescent Southern 
blotting kit with CDP-Star detection. 
 
The result of the Southern analysis is shown in Figure 41. No vector DNA was found in strain A10 
nor the negative control strain FG56 but was readily detected in the positive control strain FG3E. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Construction of plasmid pUC19::TEF1-p-KanMX-TEF1-t. 
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Figure 2. Construction of pLA61. 

 
  

pUC19::TEF1-p-KanMX-TEF1-t

4458 bp

AP(R)

KanMX4 Coding Region

BK466

BK465

K. lactis TEF1 promoter P(LAC)

P(BLA)

ORI

TEF1-T

AvrII (1)

XhoI (3853) LA629: 

GCATTGCGGATTACGTATTCTAATGTTCAGTACC

GTTCGTATAATGTATGCTATACGAAGTTATCTAG

GGATTCATAACCATTTTCTCAATCG

LA630: 

CACCTTGGCTAACTCGTTGTATCATCACTGGTAC

CGTTCGTATAGCATACATTATACGAAGTTATAGAT

TATATGAATAACTAAATACTAAATAGAAATG

pUC19

2686 bp

AP(R)

ALPHA

P(BLA)

P(LAC)

ORI

SmaI (415)

PCR

SmaI digest

Ligate

pLA61

4571 bp
AP(R)

KanMX4 Coding Region

loxP66

loxP71

BK466

BK465

BK454

BK468

LA630

priming site

priming site

TEF1p

P(BLA)

P(LAC)

ORI

TEF1t

lox-TEF-KanMX-TEF-lox

1900 bp

KanMX4

LA629

LA630

K. lactis TEF1-p K. lactis TEF-t

loxP71

loxP66AvaI (671)

ClaI (793)

HindIII (1220)

HindIII (1546)

HindIII (1601)



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 68 of 116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Construction of plasmid TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3-FHS and 
generation of ura3-loxP-TEF-p-KanMX-TEF-t-loxP-ura3 cassette for deletion of URA3. 
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aagggcgaattctgcagatatccatcacactggcggccgctcgagcatgcatctagagggcccaattcgccctatagtgagtcgtattacaattcactggcc

gtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcc

cgcaccgatcgcccttcccaacagttgcgcagcctatacgtacggcagtttaaggtttacacctataaaagagagagccgttatcgtctgtttgtggatgta

cagagtgatattattgacacgccggggcgacggatggtgatccccctggccagtgcacgtctgctgtcagataaagtctcccgtgaactttacccggtggtg

catatcggggatgaaagctggcgcatgatgaccaccgatatggccagtgtgccggtctccgttatcggggaagaagtggctgatctcagccaccgcgaaaat

gacatcaaaaacgccattaacctgatgttctggggaatataaatgtcaggcatgagattatcaaaaaggatcttcacctagatccttttcacgtagaaagcc

agtccgcagaaacggtgctgaccccggatgaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcaggtagcttgcagtggg

cttacatggcgatagctagactgggcggttttatggacagcaagcgaaccggaattgccagctggggcgccctctggtaaggttgggaagccctgcaaagta

aactggatggctttctcgccgccaaggatctgatggcgcaggggatcaagctctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatgga

ttgcacgcaggttctccggccgcttgggtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgttccggctgtca

gcgcaggggcgcccggttctttttgtcaagaccgacctgtccggtgccctgaatgaactgcaagacgaggcagcgcggctatcgtggctggccacgacgggc

gttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttgct

cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttgatccggctacctgcccattcgaccaccaagcgaaacatcgcatcgag

cgagcacgtactcggatggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcg

agcatgcccgacggcgaggatctcgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgcttttctggattcatcgactgtggc

cggctgggtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggctgaccgcttcctcgtgctttac

ggtatcgccgctcccgattcgcagcgcatcgccttctatcgccttcttgacgagttcttctgaattattaacgcttacaatttcctgatgcggtattttctc

cttacgcatctgtgcggtatttcacaccgcatacaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaata

tgtatccgctcatgagacaataaccctgataaatgcttcaataatagcacgtgaggagggccaccatggccaagttgaccagtgccgttccggtgctcaccg

cgcgcgacgtcgccggagcggtcgagttctggaccgaccggctcgggttctcccgggacttcgtggaggacgacttcgccggtgtggtccgggacgacgtga

ccctgttcatcagcgcggtccaggaccaggtggtgccggacaacaccctggcctgggtgtgggtgcgcggcctggacgagctgtacgccgagtggtcggagg

tcgtgtccacgaacttccgggacgcctccgggccggccatgaccgagatcggcgagcagccgtgggggcgggagttcgccctgcgcgacccggccggcaact

gcgtgcacttcgtggccgaggagcaggactgacacgtgctaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca

aaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgct

tgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagatac

caaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctg

ctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagc

ccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccgg

taagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagc

gtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctgggcttttgctggccttttgctcaca

tgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagt

cagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactgga

aagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattg

tgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagctatttaggtgacactatagaatactcaagctatgcatcaagcttggta

ccgagctcggatccactagtaacggccgccagtgtgctggaattcgcccttgggtaataactgatataattaaattgaagctctaatttgtgagtttagtac

accttggctaactcgttgtatcatcactggtaccgttcgtatagcatacattatacgaagttatagattatatgaataactaaatactaaatagaaatgtaa

atacagtgagaacaaaacaaaaaaaaacgaacagagaaactaaatccacattaattgagagttctatctattagaaaatgcaaactccaactaaatgggaaa

acagataacctcttttatttttttttaatgtttgatattcgagtctttttcttttgttaggtttatattcatcatttcaatgaataaaagaagcttcttatt

ttggttgcaaagaatgaaaaaaaaggattttttcatacttctaaagcttcaattataaccaaaaattttataaatgaagagaaaaaatctagtagtatcaag

ttaaacttagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaagg

agaaaactcaccgaggcagttccataggatggcaagatcctggtatcggtctgcgattccgactcgtccaacatcaatacaacctattaatttcccctcgtc

aaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatccggtgagaatggcaaaagcttatgcatttctttccagacttgttcaacaggcca

gccattacgctcgtcatcaaaatcactcgcatcaaccaaaccgttattcattcgtgattgcgcctgagcgagacgaaatacgcgatcgctgttaaaaggaca

attacaaacaggaatcgaatgcaaccggcgcaggaacactgccagcgcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgctgt

tttgccggggatcgcagtggtgagtaaccatgcatcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattccgtcagccagtttagtct

gaccatctcatctgtaacatcattggcaacgctacctttgccatgtttcagaaacaactctggcgcatcgggcttcccatacaatcgatagattgtcgcacc

tgattgcccgacattatcgcgagcccatttatacccatataaatcagcatccatgttggaatttaatcgcggcctcgaaacgtgagtcttttccttacccat

ctcgagttttaatgttacttctcttgcagttagggaactataatgtaactcaaaataagattaaacaaactaaaataaaaagaagttatacagaaaaaccca

tataaaccagtactaatccataataataatacacaaaaaaactatcaaataaaaccagaaaacagattgaatagaaaaattttttcgatctccttttatatt

caaaattcgatatatgaaaaagggaactctcagaaaatcaccaaatcaatttaattagatttttcttttccttctagcgttggaaagaaaaatttttctttt

tttttttagaaatgaaaaatttttgccgtaggaatcaccgtataaaccctgtataaacgctactctgttcacctgtgtaggctatgattgacccagtgttca

ttgttattgcgagagagcgggagaaaagaaccgatacaagagatccatgctggtatagttgtctgtccaacactttgatgaacttgtaggacgatgatgtgt

atttagacgagtacgtgtgtgactattaagtagttatgatagagaggtttgtacggtgtgttctgtgtaattcgattgagaaaatggttatgaatccctaga

taacttcgtatagcatacattatacgaacggtactgaacattagaatacgtaatccgcaatgctccttctgctcggagattaccgaatcaaaaaaatttcaa

agaaaccggaa 

 
Figure 4.  Complete sequence of TOPO II-Blunt ura3-loxP-KanMX-loxP-ura3. 
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Figure 5.  Construction of pLA34.  
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Figure 6.  Construction of pGAL-Cre-316. 
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ccagcttttgttccctttagtgagggttaattccgagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacaca

acataggagccggaagcataaagtgtaaagcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaa

acctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgct

cggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaag

gccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctcggcccccctgacgagcatcacaaaaatcgacgctcaagtcaga

ggtggcgaaacccgacaggactataaagataccaggcgttcccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt

ccgcctttctcccttcgggaagcgtggcgctttctcaatgctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacg

aaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggta

acaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctc

tgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatta

cgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagat

tatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgct

taatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactgcccgtcgtgtagataactacgatacgggagggcttaccat

ctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtc

ctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgcta

caggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgaaaaaaag

cggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgc

catccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacggg

ataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagtt

cgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagg

gaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttg

aatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgggtccttttcatcacgtgctataaaaataattataattt

aaattttttaatataaatatataaattaaaaatagaaagtaaaaaaagaaattaaagaaaaaatagtttttgttttccgaagatgtaaaagactctaggggg

atcgccaacaaatactaccttttatcttgctcttcctgctctcaggtattaatgccgaattgtttcatcttgtctgtgtagaagaccacacacgaaaatcct

gtgattttacattttacttatcgttaatcgaatgtatatctatttaatctgcttttcttgtctaataaatatatatgtaaagtacgctttttgttgaaattt

tttaaacctttgtttatttttttttcttcattccgtaactcttctaccttctttatttactttctaaaatccaaatacaaaacataaaaataaataaacaca

gagtaaattcccaaattattccatcattaaaagatacgaggcgcgtgtaagttacaggcaagcgatccgtcctaagaaaccattattatcatgacattaacc

tataaaaataggcgtatcacgaggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgt

ctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgta

ctgagagtgcaccacgcttttcaattcaattcatcattttttttttattcttttttttgatttcggtttctttgaaatttttttgattcggtaatctccgaa

cagaaggaagaacgaaggaaggagcacagacttagattggtatatatacgcatatgtagtgttgaagaaacatgaaattgcccagtattcttaacccaactg

cacagaacaaaaacctgcaggaaacgaagataaatcatgtcgaaagctacatataaggaacgtgctgctactcatcctagtcctgttgctgccaagctattt

aatatcatgcacgaaaagcaaacaaacttgtgtgcttcattggatgttcgtaccaccaaggaattactggagttagttgaagcattaggtcccaaaatttgt

ttactaaaaacacatgtggatatcttgactgatttttccatggagggcacagttaagccgctaaaggcattatccgccaagtacaattttttactcttcgaa

gacagaaaatttgctgacattggtaatacagtcaaattgcagtactctgcgggtgtatacagaatagcagaatgggcagacattacgaatgcacacggtgtg

gtgggcccaggtattgttagcggtttgaagcaggcggcagaagaagtaacaaaggaacctagaggccttttgatgttagcagaattgtcatgcaagggctcc

ctatctactggagaatatactaagggtactgttgacattgcgaagagcgacaaagattttgttatcggctttattgctcaaagagacatgggtggaagagat

gaaggttacgattggttgattatgacacccggtgtgggtttagatgacaagggagacgcattgggtcaacagtatagaaccgtggatgatgtggtctctaca

ggatctgacattattattgttggaagaggactatttgcaaagggaagggatgctaaggtagagggtgaacgttacagaaaagcaggctgggaagcatatttg

agaagatgcggccagcaaaactaaaaaactgtattataagtaaatgcatgtatactaaactcacaaattagagcttcaatttaattatatcagttattaccc

tgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggaaattgtaaacgttaatattttgttaaaattcgcgttaaatttttgttaaat

cagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagag

tccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggg

gtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaa

agcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtcgcg

ccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaggggggatgtgctgcaaggcgatt

aagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgaattgtaatacgactcactatagggcgaattggagctccaccgcgg

tggcggccgctctagaacaccacaggtgttgtcctctgaggacataaaatacacaccgagattcatcaactcattgctggagttagcatatctacaattggg

tgaaatggggagcgatttgcaggcatttgctcggcatgccggtagaggtgtggtcaataagagcgacctcatgctatacctgagaaagcaacctgacctaca

ggaaagagttactcaagaataagaattttcgttttaaaacctaagagtcactttaaaatttgtatacacttattttttttataacttatttaataataaaaa

tcataaatcataagaaattcgcttactcctaatcgccatcttccagcaggcgcaccattgcccctgtttcactatccaggttacggatatagttcatgacaa

tatttacattggtccagccaccagcttgcatgatctccggtattgaaactccagcgcgggccatatctcgcgcggctccgacacgggcactgtgtccagacc

aggccaggtatctctgaccagagtcatccttagcgccgtaaatcaatcgatgagttgcttcaaaaatcccttccagggcgcgagttgatagctggctggtgg

cagatggcgcggcaacaccattttttctgacccggcaaaacaggtagttattcggatcatcagctacaccagagacggaaatccatcgctcgaccagtttag

ttacccccaggctaagtgccttctctacacctgcggtgctaaccagcgttttcgttctgccaatatggattaacattctcccaccgtcagtacgtgagatat

ctttaaccctgatcctggcaatttcggctatacgtaacagggtgttataagcaatccccagaaatgccagattacgtatatcctggcagcgatcgctatttt

ccatgagtgaacgaacctggtcgaaatcagtgcgttcgaacgctagagcctgttttgcacgttcaccggcatcaacgttttcttttcggatccgccgcataa

ccagtgaaacagcattgctgtcacttggtcgtggcagcccggaccgacgatgaagcatgtttagctggcccaaatgttgctggatagtttttactgccagac

cgcgcgcctgaagatatagaagataatcgcgaacatcttcaggttctgcgggaaaccatttccggttattcaacttgcaccatgccgcccacgaccggcaaa

cggacagaagcattttccaggtatgctcagaaaacgcctggcgatccctgaacatgtccatcaggttcttgcgaacctcatcactcgttgcatcgaccggta

atgcaggcaaattttggtgtacgggcagtaaattggacatttttctccttgacgttaaagtatagaggtatattaacaattttttgttgatacttttatgac

atttgaataagaagtaatacaaactgaaaatgttgaaagtattagttaaagtggttatgcagcttttccatttatatatctgttaatagatcaaaaatcatc

gcttcgctgattaattaccccagaaataaggctaaaaaactaatcgcattatcatcctatggttgttaatttgattcgttaatttgaaggtttgtggggcca

ggttactgccaatttttcctcttcataaccataaaagctagtattgtagaatctttattgttcggagcagtgcggcgcgaggcacatctgcgtttcaggaac

gcgaccggtgaagacgaggacgcacggaggagagtcttccgtcggagggctgtcgcccgctcggcggcttctaatcaagcttatcgataccgtcgacctcga

gggggggcccggtac 

 
Figure 7.  Complete sequence of pGAL-Cre-316.  
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Figure 8. PCR confirmation of parent strain FerMaxTM Gold (A), ura3 deletion strain FG-

KanMX-ura3 (B) and KanMX and ura3 deletion strain FG-ura3 (C).  
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Figure 9. Construction of vector pF1X.  
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Figure 10.  Experimentally determined nucleotide sequence of the delta-sequence containing 
PCR fragment used in construction of pX(Delta). The delta sequence is underlined. 
 

 

 

  

 
GGATGCATATTTAAATCCACTATCGTCTATCAACTAATAGTTATATTATCAATATATTAT 

CATATACGGTGTTAAGATGATGACATAAGTTATGAGAAGCTGTCATCGATGTTAGAGGAA 

GCTGAAACGCAAGGATTGATAATGTAATAGGATCAATGAATATAAACATATAAAACGGAA 

TGAGGAATAATCGTAATATTAGTATGTAGAAATATAGATTCCATTTAAATCAGAAACTGA 

C 
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Figure 11. Construction of vector pX(T-Delta).  
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oDelta_5 GGATGCATATTTAAATCCACTATCGTCTATCAACTAATAGTTATATTATC

oDelta_51 GGTGTCGACTTTGGCGCGCCGAAGCTGAAGTGCAAGGATTGATAATGTAATAGG

PCR: oDelta_51, oDelta_31

Delta element PCR   5-3

235 bp
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SENSE PRM ANTISENSE PRM
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       1 GAGGACTGCTGCAGCTGCCACTATGCTGTCATAGCGAGGCAAATGATCAAGTACGAACATCTCAGAATACATGCCTGGGCAGCCGCCGAC 

      91 AGACAGGGAATGTATATGTCTATGTACATGTACGTGTGTGTATAGATTTGTTTGTGATGTCACGAGACAATGGGGAGTGGTACGAGGATG 

     181 TAGAAAAAGGAATTATCGGAAAAACACGGGCGTGATTATCACGTGATATACGATATGCTCCGAACTACAATTACTGCTAGCGCCGTGCGG 

     271 ACCTTGTTGACATGAGAGGCACATAGGGATGGGATAAAAGAGAAAGTGCTTGTCTGTTGAAGGTAGCCAGATCAATGTGAACTTTGTGCC 

     361 CTGTCCATTAGCCAGATAGATCTTTGAAGAAGTCGGGATTTTATCAGCGCATTCCTTCTTGCAGCTATCTGATCTTATGTACTTGAAAGG 

     451 AAACTCATTTTATCAGTCAGTGGTCGTATGCTAGAATAGTGCTAGCGCCGCACCTCTCATACTGCGCGTATCTGTTTCGACACCGCGATA 

     541 AAGCGGATTTCGTCGGCAATACGAGGGCTGTAAGAGACCAGAGAATTAGTCGCACTAGAGTCCTGATTCGATCAAGATAGTGTTCTGGAA 

     631 ATTGTATAAAATAGGGCTAGAAGACGACAAAGTTAAGTCCTGGACTGTTAAAGATCACTCCTCAGAAAGAAAGCACACTCACTCATCATC 

 

       MetThrAlaProTyrLysThrGluLysPheAlaLysTyrGluProLeuIleLysAlaTyrGlnLysAlaArgAspAspGlnMet 

     721 ATCATTATGACTGCCCCCTATAAGACTGAAAAATTCGCCAAATATGAACCATTAATCAAAGCCTATCAGAAGGCTAGAGATGATCAAATG 

 

 GluLysTyrAspProLysPheTyrAlaAlaCysLeuAlaLysLeuProSerGlnGlnGluPheAspSerGluProIleAspAlaThrGln 

     811 GAAAAATACGACCCTAAATTCTATGCAGCATGCTTGGCTAAATTGCCTTCTCAACAAGAATTTGATTCTGAACCAATTGACGCAACTCAG 

 

 PheValLysAlaAspPheGlyLeuLeuSerGluLysGluAlaAlaIleValAsnAspTyrThrLeuGlnGlnLeuLeuAlaLysGlnLeu 

     901 TTTGTTAAGGCAGATTTTGGCTTACTTTCAGAGAAAGAAGCTGCTATTGTCAATGACTACACTTTACAACAATTGCTGGCAAAACAGTTG 

 

 GluGlyLysLeuThrAlaLysGluIleAlaHisAlaPheIleLysSerSerIleIleAlaGlnIleAlaThrAsnCysValMetGlnPhe 

     991 GAAGGTAAATTGACAGCTAAAGAGATTGCACATGCCTTTATCAAATCATCGATCATTGCACAAATCGCCACTAACTGTGTTATGCAATTT 

 

 MetPheAspLysAlaLeuSerGlnAlaAlaLysSerAspGluPheLeuLysThrAsnLysGlnLeuLysGlyProLeuHisGlyIlePro 

    1081 ATGTTTGATAAAGCGCTTTCCCAGGCGGCAAAATCCGATGAATTTTTAAAAACCAATAAGCAATTGAAAGGACCCTTGCACGGTATTCCC 

 

 IleSerLeuLysGluHisMetGluIleLysGlySerValThrHisAlaSerTyrValSerLeuIleGluHisValSerLysAsnThrAsn 

    1171 ATCTCCCTAAAGGAACACATGGAAATCAAAGGGTCGGTTACTCATGCTTCTTACGTTTCGTTAATCGAACACGTTTCAAAAAACACCAAC 

 

 ValSerIleGlnLeuValGluAsnMetGlyAlaThrThrHisValArgThrSerGlnProGlnAlaIleMetHisLeuAspThrIleAsn 

    1261 GTTTCTATTCAACTGGTGGAAAATATGGGGGCCACCACACATGTCCGTACTTCTCAACCACAAGCAATTATGCATCTTGACACCATCAAT 

 

 AsnValIleGlyArgThrArgAsnProLeuSerThrArgLeuSerProGlyGlySerSerGlyGlyGluSerAlaIleValGlyMetHis 

    1351 AACGTCATTGGTCGTACTAGAAATCCACTTTCCACCAGGCTTTCTCCAGGTGGATCATCCGGTGGTGAAAGTGCCATCGTCGGCATGCAT 

 

 GlySerValLeuGlyIleGlySerAspIleGlyGlySerIleArgCysProAlaAlaPheAlaAsnIleTyrGlyLeuArgProThrThr 

    1441 GGCTCCGTATTGGGTATCGGTTCAGATATCGGCGGTTCCATTAGATGTCCAGCTGCATTTGCTAATATCTATGGGTTGAGACCTACTACA 

 

 LysArgPheSerGlyLeuTyrSerValSerGlyGlyGlyGlyGlnGluSerValValProThrMetGlyProLeuAlaArgSerThrAla 

    1531 AAGAGATTCTCTGGTTTATACAGTGTTTCTGGTGGTGGTGGTCAGGAAAGTGTTGTTCCTACTATGGGACCATTGGCAAGATCAACGGCT 

 

 GluLeuAsnAlaPheMetAspHisTyrIleAsnAspGlyLysProTrpLeuLeuAspProSerSerValProLeuProTrpAsnThrSer 

    1621 GAACTGAATGCCTTTATGGACCACTACATTAACGATGGTAAACCATGGTTGCTTGACCCAAGCAGTGTACCACTGCCATGGAACACTTCA 

                                                   C in CU928179 

                                                   ~ 

 ProGlnLeuProAlaLysIleArgValGlyValLeuPheThrAspGlyIleValThrProPheProAlaValThrArgThrMetHisGlu 

    1711 CCACAGTTGCCCGCCAAGATCCGCGTGGGAGTGTTGTTCACCGATGGTATAGTGACTCCGTTCCCTGCGGTAACTCGTACCATGCATGAA 

 

 ValValGluAsnLeuLysGlnAsnProSerValGluValValAspLeuLysLysTyrTrpLeuSerAlaGluAspMetIleLysAlaAsn 

    1801 GTAGTAGAAAATTTGAAACAAAATCCTTCTGTAGAGGTGGTCGATTTGAAAAAATATTGGTTATCTGCTGAAGATATGATCAAGGCCAAT 

 

 GluThrValSerThrLeuTyrThrCysAspGlyAsnArgAlaGlnLysGluLeuLeuValProSerGlyGluProIleLeuProLeuThr 

    1891 GAGACCGTTTCTACTCTTTACACCTGTGATGGTAACCGCGCACAAAAAGAACTTTTGGTGCCCAGTGGTGAACCAATTTTACCTCTAACA 

 

 GluPhePhePheGlyHisAsnGluGlyLysHisLeuSerValTyrGluAsnHisGluLeuAsnLysIleArgAspAlaThrLysLeuLys 

    1981 GAATTCTTCTTCGGGCACAACGAAGGTAAGCATCTTTCCGTGTACGAGAATCATGAGTTGAATAAGATTAGAGACGCCACTAAACTCAAG 

 

 ValPheGlnAsnValPheProHisCysAspPheIleLeuSerProAlaTyrAlaGlyProProGluIleProGluLeuSerLysTyrTrp 

    2071 GTTTTCCAAAATGTTTTCCCTCACTGTGATTTCATCTTATCACCAGCCTATGCAGGTCCACCAGAGATTCCAGAACTTTCAAAATACTGG 

 

 GlyTyrThrAlaPheTrpAsnLeuValAspTyrProAsnLeuValPheProThrProPheGlnHisAspProAlaLysAspThrGluIle 

    2161 GGATACACTGCATTCTGGAATCTGGTAGATTATCCTAACTTAGTTTTCCCAACGCCATTCCAACACGATCCTGCTAAGGATACAGAAATC 

 

 ProProLeuTyrAspAsnValPheGluArgMetHisTrpAsnAspLysAspGlyLysIleArgTyrAspProLysAlaTyrGluGlyAla 

    2251 CCACCACTATATGATAACGTGTTTGAAAGAATGCATTGGAACGATAAGGATGGTAAAATACGTTATGATCCAAAGGCTTATGAAGGTGCA 

 

 HisIleAlaLeuGlnLeuThrGlyProArgTyrGlnAspGluSerLeuIleAlaAlaThrGluValLeuThrLysSerLeuGlyIleGly 

    2341 CACATTGCCTTGCAGCTAACGGGTCCACGTTATCAAGACGAGAGTCTAATTGCAGCAACTGAAGTTCTTACAAAGAGCCTTGGAATAGGT 

 

 ArgArg*** 

    2431 AGACGTTAACTGGTACCATATATGTGTTTATTTACGACTATTTTTAATTCGATAAATCTCTGTTTGATAGCGCCGCGCGTAGCGCCCAAA 

    2521 TAAGAGAACGACTGATCCTGTCGCATGACAACGAAGCTTTGTTTTTCGTGAATCTCTACGTCAGCTACTGTTTATCCGATGGTACTGTAT 

    2611 CGCAACGGGATCTTCTGCAACTCACCGCTAGAAATCCTATTACGCTGACTATCTCCAGGGTACCAAGTCTACTTGAAAGTTTTCTCAGCT 

    2701 GATCACTGCTATATGACAAGTTATGCTGGAACGACAACAACGCGGGTCATTTCGATTGCATGACGACCTTGTAATTGCTTTCACACCTCC 

    2791 AATCACAGTATATCTTGACATGGAGAAACACTACTAGCAAATAGCTAATAGGCGCGGTAACTCATTGCCTAGAGTCTTCTTTCTCACCTC 

    2881 TGAGTGTCTAGGTCTTGGGATCTCATGCATGTAGATCTCCGCCCATTTGTTAAGTCAATTATCTCCAGAGAAACCCCCGCTGGGAAAAGG 

    2971 AGGAGACGAGGACCGCTGTAGATCATTTTTTTACTAATTGAAGGAAAAACTCATTTCGGTTAAACTTTGGGTCTTCGGCACGTAATGGGG 

    3061 AGGAATTGAAACCAGTTCGAAACTGTGTTTCGAAAATGCAAAAGCACTGAAATGGCTGCAGATCGCACCGTCAATGTTTCTCCTACGTGC 

    3151 CACC 

 

 

Figure 12. Experimentally determined nucleotide sequence of the PCR fragment containing the acetamidase gene (amdS) 
of Z. rouxii used herein. The translation of the coding region is shown in red font. A single nucleotide at position 1761 that 
differs from the published sequence (GenBank Accession# CU 928179) is indicated. The amdS gene is located on 
chromosome 7:1003608-1006762 and can also be found in Genbank under accession no. FJ861074 (gene) and 
ACP21474 (protein). The underlined partial sequence (64 bp) is the remnant cloning sequence (non-coding) of the amdS 
gene that is carried over to plasmid pDelta-TrGA-F-URA3R (see Table 8 and Fig. 24).  
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Figure 13. Construction of vector pADH(ZrAmdS-T). 
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Z.rouxii AmdS PCR 51-31

1919 bp

Zr acetamidase C->A mutation. No codon change

oZrAmdS 51 oZrAmdS 31

BamHI (1904)Spe I (4)

Primer Name Primer Sequence 

oFBAT_3 GGTGGCGCGCCGAAATTGACATGAAGTTAAATATGTTGGAGG 

oFBAT_5 GGTAGATCTTTAATTAATTCAAATTAATTGATATAGTTTTTTAATGAG 

oADH1P_52 GTTGAGCTCAAGCTTTTGTTGTTTCCGGGTGTACAATATGGACTTCCTC 

oADH1P_31 GGTTCTAGATAGTTGATTGTATGCTTGGTATAGCTTGAAATATTG 

ZrAmdS_3 GGTGGCACGTAGGAGAAACATTGACGGTGCGATCTGCAGCC 

ZrAmdS_5  GAGGACTGCTGCAGCTGCCACTATGCTGTCATAGCGAGG 

oZrAmdS_31 GTGCGGCCGCTGGATCCCGTTGCGATACAGTACCATCGGATAAACAG 

oZrAmdS_51 GGACTAGTCAAATGACTGCCCCCTATAAGACTGAAAAATTCGCC 
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AGAGCCTTAAGCGGCCGCGTTAATTCAAATTAATTGATATAGTTTTTTAATGAGTATTGAATCTGTTTAGAAATAATGG

AATATTATTTTTATTTATTTATTTATATTATTGGTCGGCTCTTTTCTTCTGAAGGTCAATGACAAAATGATATGAAGGA

AATAATGATTTCTAAAATTTTACAACGTAAGATATTTTTACAAAAGCCTAGCTCATCTTTTGTCATGCACTATTTTACT

CACGCTTGAAATTAACGGCCAGTCCACTGCGGAGTCATTTCAAAGTCATCCTAATCGATCTATCGTTTTTGATAGCTCA

TTTTGGAGTTCGCGATTGTCTTCTGTTATTCACAACTGTTTTAATTTTTATTTCATTCTGGAACTCTTCGAGTTCTTTG

TAAAGTCTTTCATAGTAGCTTACTTTATCCTCCAACATATTTAACTTCATGTCAATTTCGGCTCTTAAATTTTCCACAT

CATCAAGTTCAACATCATCTTTTAACTTGAATTTATTCTCTAGCTCTTCCAACCAAGCCTCATTGCTCCTTGATTTACT

GGTGAAAAGTGATACACTTTGCGCGCAATCCAGGTCAAAACTTTCCTGCAAAGAATTCACCAATTTCTCGACATCATAG

TACAATTTGTTTTGTTCTCCCATCACAATTTAATATACCTGATGGATTCTTATGAAGCGCTGGGTAATGGACGTGTCAC

TCTACTTCGCCTTTTTCCCTACTCCTTTTAGTACGGAAGACAATGCTAATAAATAAGAGGGTAATAATAATATTATTAA

TCGGCAAAAAAGATTAAACGCCAAGCGTTTAATTATCAGAAAGCAAACGTCGTACCAATCCTTGAATGCTTCCCAATTG

TATATTAAGAGTCATCACAGCAACATATTCTTGTTATTAAATTAATTATTATTGATTTTTGATATTGTATAAAAAAACC

AAATATGTATAAAAAAAGTGAATAAAAAATACCAAGTATGGAGAAATATATTAGAAGTCTATACGTTAAACCACCGCGG

TGGAGCTCCAGCTTTTGTTCC 

 
Figure 14.  Sequence of the 1048 bp DNA fragment containing the S. cerevisiae FBA1 
terminator region (primer sequences highlighted in bold). 
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Figure 15. Plasmid pNY13. 
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Figure 16. Plasmid pRS423-FBAp-ilvD-lumino-FBA-t. 

  

pRS423-FBA(SpeI)-IlvD(Strep mutans)-Lumio

9491 bp

HIS3

AP r

Ilv D (Strep mutans UA159)

FBA promoter

P(LAC)

T7 P

T3 P

2 MICRON

F1 ORI

PMB1

FBA terminator

BamHI (2289)

EcoRI (5449)

PstI (1188)

NotI (4855)

SpeI (3111)

SalI (2098)

AvaI (2092)

AvaI (8374)

ClaI (3610)

ClaI (5135)

ApaLI (178)

ApaLI (6585)

ApaLI (7831)

NcoI (3388)

NcoI (3457)

NcoI (4280)

HindIII (809)

HindIII (996)

HindIII (3679)

HindIII (3901)



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 82 of 116 

 
 

Figure 17. Plasmid pWS358-PGK1p-GUS. 
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ATTCTACGTACGTCGACGCCTACTTGGCTTCACATACGTTGCATACGTCGATATAGATAATAATGATAATGACAGCAGG

ATTATCGTAATACGTAATAGTTGAAAATCTCAAAAATGTGTGGGTCATTACGTAAATAATGATAGGAATGGGATTCTTC

TATTTTTCCTTTTTCCATTCTAGCAGCCGTCGGGAAAACGTGGCATCCTCTCTTTCGGGCTCAATTGGAGTCACGCTGC

CGTGAGCATCCTCTCTTTCCATATCTAACAACTGAGCACGTAACCAATGGAAAAGCATGAGCTTAGCGTTGCTCCAAAA

AAGTATTGGATGGTTAATACCATTTGTCTGTTCTCTTCTGACTTTGACTCCTCAAAAAAAAAAAATCTACAATCAACAG

ATCGCTTCAATTACGCCCTCACAAAAACTTTTTTCCTTCTTCTTCGCCCACGTTAAATTTTATCCCTCATGTTGTCTAA

CGGATTTCTGCACTTGATTTATTATAAAAAGACAAAGACATAATACTTCTCTATCAATTTCAGTTATTGTTCTTCCTTG

CGTTATTCTTCTGTTCTTCTTTTTCTTTTGTCATATATAACCATAACCAAGTAATACATATTCAAACTAGTATTTGATA

C 

 
Figure 18. Sequence of the 633 bp DNA fragment containing the S. cerevisiae FBA1 promoter 
(primer sequences highlighted in bold). 
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Figure 19. Plasmid pRS316-FBA1p-GUS.  
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Figure 20. Plasmid pJT257.  
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Figure 21. Plasmid pScFBA1-426N.   
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Figure 22. Construction of plasmid pX(DeltaTrGA-FZrAmdS). 

 
 

pX(T-Delta)

1952 bp

Delta element

AmpR

ColE1 ori

SalI (400)

AscI (410)

SfiI (394)

SmiI (282)

SmiI (525)
pADH(ZrAmdS-T)

6536 bp
kanR

ZeoR

Zr acetamidase

ori

ADH1 promoter

C->A mutation. No codon change

FBA1 tt

SfiI (2358)

XhoI (496)

PstI (472)

XbaI (508)

AscI (447)

SacI (3931)

SacI, AscI

SacI, SalII

AscI, SalII

Ligate

pX(DeltaTrGA-FZrAmdS)

8526 bp

Delta element 3'-

Delta element 5 '-

AmpR

inv ertase-TRGA

Zr acetamidase

ColE1 ori

FBA1p

C->A mutation. No codon change

ADH1 promoter

FBAt

FBA1 tt

SalI (123)

AscI (6707)

SacI (3655)

SmiI (5)

SmiI (6822)

pTRGA-F-426N

9173 bp

URA3

APr

inv ertase-TRGA

FBA1p

F1 ORI

ColE1

2 MICRON

FBAt

SalI (6664)

SacI (1023)

AscI, SalI 

SacI, SalI 



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 88 of 116 

ATTTAAATCCACTATCGTCTATCAACTAATAGTTATATTATCAATATATTATCATATACGGTGTTAAGATGATGACATAAGTTATGAGAAGCTGTCATCGAGGTTAGAGGCCT

TAATGGCCGTCGACGCCTACTTGGCTTCACATACGTTGCATACGTCGATATAGATAATAATGATAATGACAGCAGGATTATCGTAATACGTAATAGTTGAAAATCTCAAAAAT

GTGTGGGTCATTACGTAAATAATGATAGGAATGGGATTCTTCTATTTTTCCTTTTTCCATTCTAGCAGCCGTCGGGAAAACGTGGCATCCTCTCTTTCGGGCTCAATTGGAGT

CACGCTGCCGTGAGCATCCTCTCTTTCCATATCTAACAACTGAGCACGTAACCAATGGAAAAGCATGAGCTTAGCGTTGCTCCAAAAAAGTATTGGATGGTTAATACCATTTG

TCTGTTCTCTTCTGACTTTGACTCCTCAAAAAAAAAAAATCTACAATCAACAGATCGCTTCAATTACGCCCTCACAAAAACTTTTTTCCTTCTTCTTCGCCCACGTTAAATTT

TATCCCTCATGTTGTCTAACGGATTTCTGCACTTGATTTATTATAAAAAGACAAAGACATAATACTTCTCTATCAATTTCAGTTATTGTTCTTCCTTGCGTTATTCTTCTGTT

CTTCTTTTTCTTTTGTCATATATAACCATAACCAAGTAATACATATTCAAACTAGTATGCTACTCCAAGCATTCCTTTTTCTGTTAGCAGGATTTGCTGCCAAAATCTCTGCT

AGACCTGGATCTTCAGGCTTGTCCGACGTCACAAAAAGATCCGTGGATGATTTTATCTCTACAGAAACACCTATTGCACTTAACAATCTCCTGTGTAATGTTGGACCAGATGG

TTGTAGAGCATTCGGCACAAGTGCAGGCGCTGTTATTGCTTCTCCATCTACAATTGATCCAGACTATTACTACATGTGGACAAGAGACTCCGCCCTTGTGTTCAAAAACTTGA

TTGATCGTTTTACAGAAACTTACGATGCTGGATTACAAAGACGAATTGAACAATATATCACTGCTCAAGTAACTTTACAAGGATTGAGTAATCCAAGTGGAAGTTTGGCAGAT

GGCTCAGGACTAGGAGAGCCAAAGTTTGAACTAACCCTTAAGCCATTCACTGGGAACTGGGGTAGACCACAAAGAGATGGTCCTGCTTTGAGAGCAATAGCCTTAATCGGCTA

CTCAAAATGGTTAATCAACAATAACTACCAATCAACAGTTTCAAATGTTATCTGGCCAATTGTTAGGAATGATTTGAACTACGTGGCTCAATACTGGAACCAGACCGGTTTCG

ACCTTTGGGAAGAGGTTAATGGCTCTTCCTTTTTCACAGTGGCAAATCAGCATAGAGCTTTGGTTGAAGGAGCTACTTTAGCGGCCACTCTCGGTCAGTCAGGTTCAGCTTAC

TCTTCTGTAGCTCCTCAAGTACTTTGTTTTCTACAGAGATTCTGGGTATCTTCTGGTGGTTACGTTGATTCTAACATTAACACAAATGAAGGGCGTACTGGCAAAGATGTGAA

TAGCGTCCTTACCAGCATCCATACATTCGATCCTAATTTGGGTTGTGATGCCGGGACGTTTCAACCTTGTTCTGACAAGGCTTTGAGCAATCTGAAAGTGGTTGTTGATAGTT

TCAGAAGCATCTACGGTGTAAACAAGGGTATTCCAGCTGGTGCTGCCGTGGCTATCGGCAGATATGCAGAAGATGTCTACTATAATGGAAATCCATGGTACTTGGCTACTTTT

GCCGCAGCAGAACAGTTGTACGACGCCATCTACGTTTGGAAAAAGACTGGTAGCATTACTGTTACAGCTACATCCTTAGCATTTTTCCAAGAGTTAGTCCCAGGGGTCACAGC

AGGCACGTACTCCTCTTCTAGTTCAACCTTTACCAACATCATAAACGCTGTCTCCACCTATGCCGACGGTTTTCTATCCGAGGCTGCCAAATACGTTCCTGCAGATGGTTCTC

TAGCTGAACAATTTGACAGAAATTCAGGTACTCCTCTGTCAGCAGTACACCTCACATGGAGTTACGCATCTTTTCTGACAGCAGCCGCGAGAAGAGCCGGCATAGTTCCACCA

AGTTGGGCCAATTCATCAGCCTCTACAATACCATCTACATGCTCAGGCGCTTCTGTTGTAGGGAGTTACTCTAGGCCAACCGCTACTTCATTCCCACCTTCCCAAACTCCAAA

ACCAGGCGTACCTTCCGGAACACCTTATACCCCACTCCCTTGCGCTACACCAACTTCAGTCGCAGTGACGTTTCACGAATTAGTTTCCACACAATTTGGTCACACAGTGAAAG

TTGCAGGAAATGCCGCTGCTTTGGGCAATTGGTCAACTTCCGCAGCGGTAGCTTTGGACGCTGTTAACTACAGAGATAATCATCCATTGTGGATTGGTACGGTCAACCTAGAA

GCTGGTGACGTCGTTGAGTATAAGTATATCATAGTTGGTCAAGATGGTTCCGTCACTTGGGAGTCAGATCCTAATCATACTTACACTGTTCCTGCCGTAGCTTGCGTCACACA

AGTTGTGAAGGAAGATACTTGGCAATCTTAAGCGGCCGCGTTAATTCAAATTAATTGATATAGTTTTTTAATGAGTATTGAATCTGTTTAGAAATAATGGAATATTATTTTTA

TTTATTTATTTATATTATTGGTCGGCTCTTTTCTTCTGAAGGTCAATGACAAAATGATATGAAGGAAATAATGATTTCTAAAATTTTACAACGTAAGATATTTTTACAAAAGC

CTAGCTCATCTTTTGTCATGCACTATTTTACTCACGCTTGAAATTAACGGCCAGTCCACTGCGGAGTCATTTCAAAGTCATCCTAATCGATCTATCGTTTTTGATAGCTCATT

TTGGAGTTCGCGATTGTCTTCTGTTATTCACAACTGTTTTAATTTTTATTTCATTCTGGAACTCTTCGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTACTTTATCCTCCAAC

ATATTTAACTTCATGTCAATTTCGGCTCTTAAATTTTCCACATCATCAAGTTCAACATCATCTTTTAACTTGAATTTATTCTCTAGCTCTTCCAACCAAGCCTCATTGCTCCT

TGATTTACTGGTGAAAAGTGATACACTTTGCGCGCAATCCAGGTCAAAACTTTCCTGCAAAGAATTCACCAATTTCTCGACATCATAGTACAATTTGTTTTGTTCTCCCATCA

CAATTTAATATACCTGATGGATTCTTATGAAGCGCTGGGTAATGGACGTGTCACTCTACTTCGCCTTTTTCCCTACTCCTTTTAGTACGGAAGACAATGCTAATAAATAAGAG

GGTAATAATAATATTATTAATCGGCAAAAAAGATTAAACGCCAAGCGTTTAATTATCAGAAAGCAAACGTCGTACCAATCCTTGAATGCTTCCCAATTGTATATTAAGAGTCA

TCACAGCAACATATTCTTGTTATTAAATTAATTATTATTGATTTTTGATATTGTATAAAAAAACCAAATATGTATAAAAAAAGTGAATAAAAAATACCAAGTATGGAGAAATA

TATTAGAAGTCTATACGTTAAACCACCGCGGTGGAGCTCAAGCTTTTGTTGTTTCCGGGTGTACAATATGGACTTCCTCTTTTCTGGCAACCAAACCCATACATCGGGATTCC

TATAATACCTTCGTTGGTCTCCCTAACATGTAGGTGGCGGAGGGGAGATATACAATAGAACAGATACCAGACAAGACATAATGGGCTAAACAAGACTACACCATTTACACTGC

CTCATTGATGGTGGTACATAACGAACTAATACTGTAGCCCTAGACTTGATAGCCATCATCATATCGAAGTTTCACTACCCTTTTTCCATTTGCCATCTATTGAAGTAATAATA

GGCGCATGCAACTTCTTTTCTTTTTTTTTTTTTCTCTCTCCCCCGTTGTTGTCTCACCATATCCGCAATGACAAAAAAATGATGGAAGACACTAAAGGAAAAAATTAACGACA

AAGACAGCACCAACAGATGTCGTTGTTCCAGAGCTGATGAGGGGTATCTCGAAGCACACGAAACTTTTTCCTTCCTTCATTCACGCACACTACTCTCTAATGAGCAACGGTAT

ACGGCCTTCCTTCCAGTTACTTGAATTTGAAATAAAAAAAGTTTGCTGTCTTGCTATCAAGTATAAATAGACCTGCAATTATTAATCTTTTGTTTTCTCGTCATTGTTCTCGT

TCCCTTTCTTCCTTGTTTCTTTTTCTGCACAATATTTCAAGCTATACCAAGCATACAATCAACTATCTAGTCAAATGACTGCCCCCTATAAGACTGAAAAATTCGCCAAATAT

GAACCATTAATCAAAGCCTATCAGAAGGCTAGAGATGATCAAATGGAAAAATACGACCCTAAATTCTATGCAGCATGCTTGGCTAAATTGCCTTCTCAACAAGAATTTGATTC

TGAACCAATTGACGCAACTCAGTTTGTTAAGGCAGATTTTGGCTTACTTTCAGAGAAAGAAGCTGCTATTGTCAATGACTACACTTTACAACAATTGCTGGCAAAACAGTTGG

AAGGTAAATTGACAGCTAAAGAGATTGCACATGCCTTTATCAAATCATCGATCATTGCACAAATCGCCACTAACTGTGTTATGCAATTTATGTTTGATAAAGCGCTTTCCCAG

GCGGCAAAATCCGATGAATTTTTAAAAACCAATAAGCAATTGAAAGGACCCTTGCACGGTATTCCCATCTCCCTAAAGGAACACATGGAAATCAAAGGGTCGGTTACTCATGC

TTCTTACGTTTCGTTAATCGAACACGTTTCAAAAAACACCAACGTTTCTATTCAACTGGTGGAAAATATGGGGGCCACCACACATGTCCGTACTTCTCAACCACAAGCAATTA

TGCATCTTGACACCATCAATAACGTCATTGGTCGTACTAGAAATCCACTTTCCACCAGGCTTTCTCCAGGTGGATCATCCGGTGGTGAAAGTGCCATCGTCGGCATGCATGGC

TCCGTATTGGGTATCGGTTCAGATATCGGCGGTTCCATTAGATGTCCAGCTGCATTTGCTAATATCTATGGGTTGAGACCTACTACAAAGAGATTCTCTGGTTTATACAGTGT

TTCTGGTGGTGGTGGTCAGGAAAGTGTTGTTCCTACTATGGGACCATTGGCAAGATCAACGGCTGAACTGAATGCCTTTATGGACCACTACATTAACGATGGTAAACCATGGT

TGCTTGACCCAAGCAGTGTACCACTGCCATGGAACACTTCACCACAGTTGCCCGCCAAGATCCGCGTGGGAGTGTTGTTCACCGATGGTATCGTGACTCCGTTCCCTGCGGTA

ACTCGTACCATGCATGAAGTAGTAGAAAATTTGAAACAAAATCCTTCTGTAGAGGTGGTCGATTTGAAAAAATATTGGTTATCTGCTGAAGATATGATCAAGGCCAATGAGAC

CGTTTCTACTCTTTACACCTGTGATGGTAACCGCGCACAAAAAGAACTTTTGGTGCCCAGTGGTGAACCAATTTTACCTCTAACAGAATTCTTCTTCGGGCACAACGAAGGTA

AGCATCTTTCCGTGTACGAGAATCATGAGTTGAATAAGATTAGAGACGCCACTAAACTCAAGGTTTTCCAAAATGTTTTCCCTCACTGTGATTTCATCTTATCACCAGCCTAT

GCAGGTCCACCAGAGATTCCAGAACTTTCAAAATACTGGGGATACACTGCATTCTGGAATCTGGTAGATTATCCTAACTTAGTTTTCCCAACGCCATTCCAACACGATCCTGC

TAAGGATACAGAAATCCCACCACTATATGATAACGTGTTTGAAAGAATGCATTGGAACGATAAGGATGGTAAAATACGTTATGATCCAAAGGCTTATGAAGGTGCACACATTG

CCTTGCAGCTAACGGGTCCACGTTATCAAGACGAGAGTCTAATTGCAGCAACTGAAGTTCTTACAAAGAGCCTTGGAATAGGTAGACGTTAACTGGTACCATATATGTGTTTA

TTTACGACTATTTTTAATTCGATAAATCTCTGTTTGATAGCGCCGCGCGTAGCGCCCAAATAAGAGAACGACTGATCCTGTCGCATGACAACGAAGCTTTGTTTTTCGTGAAT

CTCTACGTCAGCTACTGTTTATCCGATGGTACTGTATCGCAACGGGATCTTTAATTAATTCAAATTAATTGATATAGTTTTTTAATGAGTATTGAATCTGTTTAGAAATAATG

GAATATTATTTTTATTTATTTATTTATATTATTGGTCGGCTCTTTTCTTCTGAAGGTCAATGACAAAATGATATGAAGGAAATAATGATTTCTAAAATTTTACAACGTAAGAT

ATTTTTACAAAAGCCTAGCTCATCTTTTGTCATGCACTATTTTACTCACGCTTGAAATTAACGGCCAGTCCACTGCGGAGTCATTTCAAAGTCATCCTAATCGATCTATCGTT

TTTGATAGCTCATTTTGGAGTTCGCGATTGTCTTCTGTTATTCACAACTGTTTTAATTTTTATTTCATTCTGGAACTCTTCGAGTTCTTTGTAAAGTCTTTCATAGTAGCTTA

CTTTATCCTCCAACATATTTAACTTCATGTCAATTTCGGCGCGCCGAAGCTGAAACGCAAGGATTGATAATGTAATAGGATCAATGAATATAAACATATAAAACGGAATGAGG

AATAATCGTAATATTAGTATGTAGAAATATAGATTCCATTTAAATCAGAAATGGCCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGT

ATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGC

ACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGG

TATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATG

ACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACAT

GGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAAC

TATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTT

ATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGC

AACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTC

ATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAA

GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCC

GAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC

TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCG

TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGT

AAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT

GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCTGCAT 

 
Figure 23. Complete sequence listing of plasmid pX(DeltaTrGA-FZrAmdS). 
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Figure 24.  Construction of plasmid pDelta-TrGA-F-URA3R. 
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agctttgtttttcgtgaatctctacgtcagctactgtttatccgatggtactgtatcgcaacgggatctttaattaattcaaattaattgatatagttttttaatgagtattgaatc

tgtttagaaataatggaatattatttttatttatttatttatattattggtcggctcttttcttctgaaggtcaatgacaaaatgatatgaaggaaataatgatttctaaaatttta

caacgtaagatatttttacaaaagcctagctcatcttttgtcatgcactattttactcacgcttgaaattaacggccagtccactgcggagtcatttcaaagtcatcctaatcgatc

tatcgtttttgatagctcattttggagttcgcgattgtcttctgttattcacaactgttttaatttttatttcattctggaactcttcgagttctttgtaaagtctttcatagtagc

ttactttatcctccaacatatttaacttcatgtcaatttcggcgcgccgaagctgaaacgcaaggattgataatgtaataggatcaatgaatataaacatataaaacggaatgagga

ataatcgtaatattagtatgtagaaatatagattccatttaaatcagaaatggccatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattca

acatttccgtgtcgcccttattcccttttttgcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtggg

ttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtat

tgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatg

cagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgcct

tgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactct

agcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagccggtgagcg

tgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctga

gataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttt

tgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctg

cttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtcct

tctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttac

cgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctaca

gcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctg

gtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgctgcatatttaaatcc

actatcgtctatcaactaatagttatattatcaatatattatcatatacggtgttaagatgatgacataagttatgagaagctgtcatcgaggttagaggccttaatggccgtcgac

gcctacttggcttcacatacgttgcatacgtcgatatagataataatgataatgacagcaggattatcgtaatacgtaatagttgaaaatctcaaaaatgtgtgggtcattacgtaa

ataatgataggaatgggattcttctatttttcctttttccattctagcagccgtcgggaaaacgtggcatcctctctttcgggctcaattggagtcacgctgccgtgagcatcctct

ctttccatatctaacaactgagcacgtaaccaatggaaaagcatgagcttagcgttgctccaaaaaagtattggatggttaataccatttgtctgttctcttctgactttgactcct

caaaaaaaaaaaatctacaatcaacagatcgcttcaattacgccctcacaaaaacttttttccttcttcttcgcccacgttaaattttatccctcatgttgtctaacggatttctgc

acttgatttattataaaaagacaaagacataatacttctctatcaatttcagttattgttcttccttgcgttattcttctgttcttctttttcttttgtcatatataaccataacca

agtaatacatattcaaactagtatgctactccaagcattcctttttctgttagcaggatttgctgccaaaatctctgctagacctggatcttcaggcttgtccgacgtcacaaaaag

atccgtggatgattttatctctacagaaacacctattgcacttaacaatctcctgtgtaatgttggaccagatggttgtagagcattcggcacaagtgcaggcgctgttattgcttc

tccatctacaattgatccagactattactacatgtggacaagagactccgcccttgtgttcaaaaacttgattgatcgttttacagaaacttacgatgctggattacaaagacgaat

tgaacaatatatcactgctcaagtaactttacaaggattgagtaatccaagtggaagtttggcagatggctcaggactaggagagccaaagtttgaactaacccttaagccattcac

tgggaactggggtagaccacaaagagatggtcctgctttgagagcaatagccttaatcggctactcaaaatggttaatcaacaataactaccaatcaacagtttcaaatgttatctg

gccaattgttaggaatgatttgaactacgtggctcaatactggaaccagaccggtttcgacctttgggaagaggttaatggctcttcctttttcacagtggcaaatcagcatagagc

tttggttgaaggagctactttagcggccactctcggtcagtcaggttcagcttactcttctgtagctcctcaagtactttgttttctacagagattctgggtatcttctggtggtta

cgttgattctaacattaacacaaatgaagggcgtactggcaaagatgtgaatagcgtccttaccagcatccatacattcgatcctaatttgggttgtgatgccgggacgtttcaacc

ttgttctgacaaggctttgagcaatctgaaagtggttgttgatagtttcagaagcatctacggtgtaaacaagggtattccagctggtgctgccgtggctatcggcagatatgcaga

agatgtctactataatggaaatccatggtacttggctacttttgccgcagcagaacagttgtacgacgccatctacgtttggaaaaagactggtagcattactgttacagctacatc

cttagcatttttccaagagttagtcccaggggtcacagcaggcacgtactcctcttctagttcaacctttaccaacatcataaacgctgtctccacctatgccgacggttttctatc

cgaggctgccaaatacgttcctgcagatggttctctagctgaacaatttgacagaaattcaggtactcctctgtcagcagtacacctcacatggagttacgcatcttttctgacagc

agccgcgagaagagccggcatagttccaccaagttgggccaattcatcagcctctacaataccatctacatgctcaggcgcttctgttgtagggagttactctaggccaaccgctac

ttcattcccaccttcccaaactccaaaaccaggcgtaccttccggaacaccttataccccactcccttgcgctacaccaacttcagtcgcagtgacgtttcacgaattagtttccac

acaatttggtcacacagtgaaagttgcaggaaatgccgctgctttgggcaattggtcaacttccgcagcggtagctttggacgctgttaactacagagataatcatccattgtggat

tggtacggtcaacctagaagctggtgacgtcgttgagtataagtatatcatagttggtcaagatggttccgtcacttgggagtcagatcctaatcatacttacactgttcctgccgt

agcttgcgtcacacaagttgtgaaggaagatacttggcaatcttaagcggccgcgttaattcaaattaattgatatagttttttaatgagtattgaatctgtttagaaataatggaa

tattatttttatttatttatttatattattggtcggctcttttcttctgaaggtcaatgacaaaatgatatgaaggaaataatgatttctaaaattttacaacgtaagatattttta

caaaagcctagctcatcttttgtcatgcactattttactcacgcttgaaattaacggccagtccactgcggagtcatttcaaagtcatcctaatcgatctatcgtttttgatagctc

attttggagttcgcgattgtcttctgttattcacaactgttttaatttttatttcattctggaactcttcgagttctttgtaaagtctttcatagtagcttactttatcctccaaca

tatttaacttcatgtcaatttcggctcttaaattttccacatcatcaagttcaacatcatcttttaacttgaatttattctctagctcttccaaccaagcctcattgctccttgatt

tactggtgaaaagtgatacactttgcgcgcaatccaggtcaaaactttcctgcaaagaattcaccaatttctcgacatcatagtacaatttgttttgttctcccatcacaatttaat

atacctgatggattcttatgaagcgctgggtaatggacgtgtcactctacttcgcctttttccctactccttttagtacggaagacaatgctaataaataagagggtaataataata

ttattaatcggcaaaaaagattaaacgccaagcgtttaattatcagaaagcaaacgtcgtaccaatccttgaatgcttcccaattgtatattaagagtcatcacagcaacatattct

tgttattaaattaattattattgatttttgatattgtataaaaaaaccaaatatgtataaaaaaagtgaataaaaaataccaagtatggagaaatatattagaagtctatacgttaa

accaccgcggtggagctcaagcttttcaattcatcttttttttttttgttcttttttttgattccggtttctttgaaatttttttgattcggtaatctccgagcagaaggaagaacg

aaggaaggagcacagacttagattggtatatatacgcatatgtggtgttgaagaaacatgaaattgcccagtattcttaacccaactgcacagaacaaaaacctgcaggaaacgaag

ataaatcatgtcgaaagctacatataaggaacgtgctgctactcatcctagtcctgttgctgccaagctatttaatatcatgcacgaaaagcaaacaaacttgtgtgcttcattgga

tgttcgtaccaccaaggaattactggagttagttgaagcattaggtcccaaaatttgtttactaaaaacacatgtggatatcttgactgatttttccatggagggcacagttaagcc

gctaaaggcattatccgccaagtacaattttttactcttcgaagacagaaaatttgctgacattggtaatacagtcaaattgcagtactctgcgggtgtatacagaatagcagaatg

ggcagacattacgaatgcacacggtgtggtgggcccaggtattgttagcggtttgaagcaggcggcggaagaagtaacaaaggaacctagaggccttttgatgttagcagaattgtc

atgcaagggctccctagctactggagaatatactaagggtactgttgacattgcgaagagcgacaaagattttgttatcggctttattgctcaaagagacatgggtggaagagatga

aggttacgattggttgattatgacacccggtgtgggtttagatgacaagggagacgcattgggtcaacagtatagaaccgtggatgatgtggtctctacaggatctgacattattat

tgttggaagaggactatttgcaaagggaagggatgctaaggtagagggtgaacgttacagaaaagcaggctgggaagcatatttgagaagatgcggccagcaaaactaaaaaactgt

attataagtaaatgcatgtatactaaactcacaaattagagcttcaatttaattatatcagttattacccgggaatctcggtcgtaatgatttctataatgacgaaaaaaaaaaaat

tggaaagaaaa 

 
Figure 25. Complete sequence of pDelta-TrGA-F-URA3R. The 1896 bp sequence (underlined) 
of the T. reesei glucoamylase variant CS4 (red font) fused (N-terminally) in frame with the 
secretion signal portion of the endogenous S. cerevisiae invertase SUC2 gene (blue font). 
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CSA alignment: Query is T. reesei QM6a, subject is T. reesei CS4. 

 
Query  33   SVDDFISTETPIALNNLLCNVGPDGCRAFGTSAGAVIASPSTIDPDYYYMWTRDSALVFK  92 

            SVDDFISTETPIALNNLLCNVGPDGCRAFGTSAGAVIASPSTIDPDYYYMWTRDSALVFK 

Sbjct  1    SVDDFISTETPIALNNLLCNVGPDGCRAFGTSAGAVIASPSTIDPDYYYMWTRDSALVFK  60 

 

Query  93   NLIDRFTETYDAGLQRRIEQYITAQVTLQGLSNPSGSLADGSGLGEPKFELTLKPFTGNW  152 

            NLIDRFTETYDAGLQRRIEQYITAQVTLQGLSNPSGSLADGSGLGEPKFELTLKPFTGNW 

Sbjct  61   NLIDRFTETYDAGLQRRIEQYITAQVTLQGLSNPSGSLADGSGLGEPKFELTLKPFTGNW  120 

 

Query  153  GRPQRDGPALRAIALIGYSKWLINNNYQSTVSNVIWPIVRNDLNYVAQYWNQTGFDLWEE  212 

            GRPQRDGPALRAIALIGYSKWLINNNYQSTVSNVIWPIVRNDLNYVAQYWNQTGFDLWEE 

Sbjct  121  GRPQRDGPALRAIALIGYSKWLINNNYQSTVSNVIWPIVRNDLNYVAQYWNQTGFDLWEE  180 

 

Query  213  VNGSSFFTVANQHRALVEGATLAATLGQSGSAYSSVAPQVLCFLQRFWVSSGGYVDSNIN  272 

            VNGSSFFTVANQHRALVEGATLAATLGQSGSAYSSVAPQVLCFLQRFWVSSGGYVDSNIN 

Sbjct  181  VNGSSFFTVANQHRALVEGATLAATLGQSGSAYSSVAPQVLCFLQRFWVSSGGYVDSNIN  240 

 

Query  273  TNEGRTGKDVNSVLTSIHTFDPNLGCDAGTFQPCSDKALSNLKVVVDSFRSIYGVNKGIP  332 

            TNEGRTGKDVNSVLTSIHTFDPNLGCDAGTFQPCSDKALSNLKVVVDSFRSIYGVNKGIP 

Sbjct  241  TNEGRTGKDVNSVLTSIHTFDPNLGCDAGTFQPCSDKALSNLKVVVDSFRSIYGVNKGIP  300 

 

Query  333  AGAAVAIGRYAEDVYYNGNPWYLATFAAAEQLYDAIYVWKKTGSITVTATSLAFFQELVP  392 

            AGAAVAIGRYAEDVYYNGNPWYLATFAAAEQLYDAIYVWKKTGSITVTATSLAFFQELVP 

Sbjct  301  AGAAVAIGRYAEDVYYNGNPWYLATFAAAEQLYDAIYVWKKTGSITVTATSLAFFQELVP  360 

 

Query  393  GVTAGTYSSSSSTFTNIINAVSTYADGFLSEAAKYVPADGSLAEQFDRNSGTPLSAVHLT  452 

            GVTAGTYSSSSSTFTNIINAVSTYADGFLSEAAKYVPADGSLAEQFDRNSGTPLSA+HLT 

Sbjct  361  GVTAGTYSSSSSTFTNIINAVSTYADGFLSEAAKYVPADGSLAEQFDRNSGTPLSALHLT  420 

 

Query  453  WSYASFLTAAARRAGIVPPSWANSSASTIPSTCSGASVVGSYSRPTATSFPPSQTPKPGV  512 

            WSYASFLTA ARRAGIVPPSWANSSASTIPSTCSGASVVGSYSRPTATSFPPSQTPKPGV 

Sbjct  421  WSYASFLTATARRAGIVPPSWANSSASTIPSTCSGASVVGSYSRPTATSFPPSQTPKPGV  480 

 

Query  513  PSGTPYTPLPCATPTSVAVTFHELVSTQFGHTVKVAGNAAALGNWSTSAAVALDAVNYRD  572 

            PSGTPYTPLPCATPTSVAVTFHELVSTQFG TVKVAGNAAALGNWSTSAAVALDAVNY D 

Sbjct  481  PSGTPYTPLPCATPTSVAVTFHELVSTQFGQTVKVAGNAAALGNWSTSAAVALDAVNYAD  540 

 

Query  573  NHPLWIGTVNLEAGDVVEYKYIIVGQDGSVTWESDPNHTYTVPAVACVTQVVKEDTWQS  631 

            NHPLWIGTVNLEAGDVVEYKYI VGQDGSVTWESDPNHTYTVPAVACVTQVVKEDTWQS 

Sbjct  541  NHPLWIGTVNLEAGDVVEYKYINVGQDGSVTWESDPNHTYTVPAVACVTQVVKEDTWQS  599 

 

Numbering is of pre-enzyme 

  = mutation site 

 

Figure 26. Amino acid sequence alignment of T. reesei CS4 (excluding 32 aa N-terminal 
secretion signal peptide encoded from the endogenous S. cerevisiae invertase SUC2 gene). 
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Figure 27.  Plasmid pDelta-TrGA-F-URA3R. 
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Figure 28.  Southern blotting of genomic DNA from FG56 and control strains analyzing for 
presence of vector DNA. 
 
A. Blot analyzed with a probe made from pBluescript KS(+).  B.  Blot analyzed with probe 
made from Cre recombinase. C. Blot analyzed with probes made from KanMX and pTOPO 
Blunt-II.  D. Ethidium bromide staining of the gel containing the genomic DNA samples.   
 
Lanes 1, 9 and 17 = DNA markers.  Lanes 2-8 = SspI digested DNA samples.  Lanes 10-16 = 
PvuI digested samples.  Lane 2 and 10 = FerMaxTM Gold genomic DNA.  Lanes 3 and 11 = 
FG56 genomic DNA.  Lanes 4 and 12 = FG88 genomic DNA.  Lanes 5 and 13 = FG3E genomic 
DNA.  Lanes 6 and 14 = 88F437 genomic DNA.  Lanes 7 and 15 = pGAL-Cre-316 DNA (positive 
control for Cre).  Lanes 8 and 16 = pTOPO-KanMX DNA (positive control for KanMX and 
TOPO Blunt-II). 
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Figure 29. Glucoamylase (GA) copy number in GAPY as determined by qPCR.  The upper 
range of the GA copy number in FG56 was calculated to be 6 (see FG56 in graph). Relative 
gene copy number was determined by comparing the Ct values obtained for GAPY with the 
Ct values of TEF1 (Translational Elongation Factor 1) for each sample. As no calibrator 
sample was available containing a known number of GAPY, the fact that there are 4 copies 
of the TEF1 gene per diploid cell was used to determine GAPY copy number.  To accomplish 
this ∆Ct values were used in the following formula (2- ∆Ct) x 4 (per user instructions in User 
Bulletin #2 ABI PRISM 7700 Sequence Detection System; updated 2001).   
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Figure 30. Glucoamylase (GA) copy number in GAPY as determined by qPCR.  The upper 
range of the GA copy number in FG56-8E7 was calculated to be 3 (see FG56 8E7 in graph). 
Relative gene copy number was determined by comparing the Ct values obtained for GAPY 
with the Ct values of TEF1 (Translational Elongation Factor 1) for each sample. As no 
calibrator sample was available containing a known number of GAPY, the fact that there are 
4 copies of the TEF1 gene per diploid cell was used to determine GAPY copy number.  To 
accomplish this ∆Ct values were used in the following formula (2- ∆Ct) x 4 (per user 
instructions in User Bulletin #2 ABI PRISM 7700 Sequence Detection System; updated 
2001).  
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Figure 31. Synthetic Humicula GA fusion 

PstIEcoRISpeI

actagtgaattcatacacaatataaacgattaaaagaatgagatttccttcaatttttactgcagttttattcgcagcatcctccgcattagctgctccagtcaacacta5'

5' UTR MF(ALPHA)1 MF(ALPHA) pre MF(ALPHA)1 pro

L V N S Y T I . T I K R M R F P S I F T A V L F A A S S A L A A P V N T3

 2832

caacagaagatgaaacggcacaaattccggctgaagctgtcatcggttacttagatttagaaggggatttcgatgttgctgttttgccattttccaacagcacaaataac5'

MF(ALPHA)1 pro

T T E D E T A Q I P A E A V I G Y L D L E G D F D V A V L P F S N S T N N3

 2942

gggttattgtttataaatactactattgccagcattgctgctaaagaagaaggggtatctttggataaaagagaagccagaccacacggttcctcaagattacaagaaag5'

MF(ALPHA)1 pro
HG-GA

EA ...cer

G L L F I N T T I A S I A A K E E G V S L D K R E A R P H G S S R L Q E R3

 3052

PstIDraIII
SexAI

agctgccgtagacacattcatcaacacagaaaagcctatcgcatggaacaaattgttagcaaatataggtccaaacggtaaagctgcacctggtgccgctgcaggtgttg5'

HG-GA

A A V D T F I N T E K P I A W N K L L A N I G P N G K A A P G A A A G V3

 3162

tcatcgcttcaccatccagaactgatccaccttactttttcacatggacccctgacgccgctttggttttgacaggtatcatcgaatctttgggtcataactacaacact5'

HG-GA

V I A S P S R T D P P Y F F T W T P D A A L V L T G I I E S L G H N Y N T3

 3272

SgrAI

acattgcaacaagtcagtaatccatctggtacttttgcagatggttctggtttgggtgaagccaagtttaatgttgacttaacagctttcaccggtgaatggggtagacc5'

HG-GA

T L Q Q V S N P S G T F A D G S G L G E A K F N V D L T A F T G E W G R P3

 3382

ScaI

tcaaagagatggtccacctttgagagccatcgctttgatacaatacgccaagtggttgatcgctaacggttacaagagtactgctaagtctgtagtttggccagtcgtaa5'

HG-GA

Q R D G P P L R A I A L I Q Y A K W L I A N G Y K S T A K S V V W P V V3

 3492

agaatgatttggcttataccgcacaatactggaacgaaactggttttgacttgtgggaagaagttcctggttcttcatttttcacaattgcatccagtcacagagcctta5'

HG-GA

K N D L A Y T A Q Y W N E T G F D L W E E V P G S S F F T I A S S H R A L3

 3602

accgaaggtgcttacttggcagcccaattagatactgaatgtccaccttgcaccactgtagcaccacaagttttgtgttttcaacaagcattttggaactctaagggtaa5'

HG-GA

T E G A Y L A A Q L D T E C P P C T T V A P Q V L C F Q Q A F W N S K G N3

 3712

PvuIIScaI

ctatgttgtcagtacttctacagctggtgaataccgatctggtaaagatgcaaattcaatcttggcctccatccataactttgatccagaagcaggttgtgacaatttga5'

HG-GA

Y V V S T S T A G E Y R S G K D A N S I L A S I H N F D P E A G C D N L3

 3822

cattccaaccttgctctgaaagagcattagccaaccacaaggcttatgttgactcttttagaaatttgtacgccattaacaaaggtatagctcagggtaaagctgtcgca5'

HG-GA

T F Q P C S E R A L A N H K A Y V D S F R N L Y A I N K G I A Q G K A V A3

 3932

PstIBstEII

gtaggtagatactctgaagatgtttactacaacggtaacccttggtatttggcaaatttcgctgcagccgaacaattatatgacgctatctatgtttggaacaaacaagg5'

HG-GA

V G R Y S E D V Y Y N G N P W Y L A N F A A A E Q L Y D A I Y V W N K Q G3

 4042

HpaI

ttcaataaccgtaacttcagtttccttgccatttttcagagatttggtttcttctgtttctacaggtacttacagtaagtccagttctacttttacaaatatcgttaacg5'

HG-GA

S I T V T S V S L P F F R D L V S S V S T G T Y S K S S S T F T N I V N3

 4152

ctgtcaaagcctatgctgatggtttcattgaagttgctgcaaagtacactccatctaatggtgcattagccgaacaatatgacagaaacaccggtaaacctgattccgcc5'

HG-GA

A V K A Y A D G F I E V A A K Y T P S N G A L A E Q Y D R N T G K P D S A3

 4262

BstXI

gctgacttgacttggagttactctgcatttttatctgccattgatagaagagctggtttagtaccacctagttggagagcctctgttgctaaatcacaattgccatcaac5'

HG-GA

A D L T W S Y S A F L S A I D R R A G L V P P S W R A S V A K S Q L P S T3

 4372

PvuII

ttgttccagaatagaagtcgctggtacttatgttgcagccacctcaacttcctttccttctaagcaaacaccaaatccttcagctgcaccaagtccttctccatacccta5'

HG-GA

C S R I E V A G T Y V A A T S T S F P S K Q T P N P S A A P S P S P Y P3

 4482

ScaI

cagcttgcgcagatgcctccgaagtttatgtcaccttcaatgaaagagttagtactgcatggggtgaaacaattaaggtagttggtaatgtcccagctttgggtaactgg5'

HG-GA

T A C A D A S E V Y V T F N E R V S T A W G E T I K V V G N V P A L G N W3

 4592

PstI

gatacctcaaaagctgtaactttatcagcatccggttataagtccaatgacccattgtggagtatcactgttcctattaaagctacaggttctgcagttcaatacaagta5'

HG-GA

D T S K A V T L S A S G Y K S N D P L W S I T V P I K A T G S A V Q Y K Y3

 4702

catcaaggtcggtacaaatggtaaaatcacctgggaatctgatccaaacagatcaattactttgcaaactgcttcttctgctggtaaatgtgctgctcaaaccgtcaatg5'

HG-GA

I K V G T N G K I T W E S D P N R S I T L Q T A S S A G K C A A Q T V N3

 4812

NotIBamHI

attcttggagataataaggatcctgcggccgc5'

HG-GA

tran...top

D S W R . . G S C G R3
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Figure 32. pScFBA1-426N(HG-GA) 
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Figure 33. pENTR(PGK1-PT) 
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Figure 34. Aspergillus clavatus alpha-amylase 

PstIEcoRISpeI

actagtgaattcatacacaatataaacgattaaaagaatgagatttccttcaatttttactgcagttttattcgcagcatcctccgcattagctgctccagtcaacacta5'

5' UTR MF(ALPHA)1 MF(ALPHA)1 pre MF(ALPHA)1 pro

L V N S Y T I . T I K R M R F P S I F T A V L F A A S S A L A A P V N T2

 479

caacagaagatgaaacggcacaaattccggctgaagctgtcatcggttacttagatttagaaggggatttcgatgttgctgttttgccattttccaacagcacaaataac5'

MF(ALPHA)1 pro

T T E D E T A Q I P A E A V I G Y L D L E G D F D V A V L P F S N S T N N2

 589

BstXI
PvuII

gggttattgtttataaatactactattgccagcattgctgctaaagaagaaggggtatctttggataaaagattgactccagctgaatggagaggtcaatctatctactt5'

AC-AA
MF(ALPHA)1 pro

G L L F I N T T I A S I A A K E E G V S L D K R L T P A E W R G Q S I Y F2

 699

BclI

cttgatcactgatagattcgctagaactgatggttctactactgctccatgtgatttgtctcaaagagcttattgtggtggttcttggcaaggtattatcaagcaattgg5'

AC-AA

L I T D R F A R T D G S T T A P C D L S Q R A Y C G G S W Q G I I K Q L2

 809

attacatccaaggtatgggtttcaccgctatttggattactccaattaccgaacaaatcccacaagatactgctgaaggttctgcttttcatggttactggcaaaaggat5'

AC-AA

D Y I Q G M G F T A I W I T P I T E Q I P Q D T A E G S A F H G Y W Q K D2

 919

BstXIHpaIEcoRV

atctacaacgttaactcccatttcggtactgccgatgatattagagctttgtctaaggcattgcacgatagaggtatgtacttgatgattgatgttgttgccaaccacat5'

AC-AA

I Y N V N S H F G T A D D I R A L S K A L H D R G M Y L M I D V V A N H M2

 1029

gggttataatggtccaggtgcttctactgatttctctacttttactccattcaactccgcctcttacttccattcttattgtccaatcaacaactacaacgaccaatccc5'

AC-AA

G Y N G P G A S T D F S T F T P F N S A S Y F H S Y C P I N N Y N D Q S2

 1139

aagttgaaaactgttggttgggtgataatactgttgctttggctgacttgtacacccaacattctgatgttagaaacatctggtactcttggatcaaagaaatcgtcggt5'

AC-AA

Q V E N C W L G D N T V A L A D L Y T Q H S D V R N I W Y S W I K E I V G2

 1249

aattactctgctgacggtttgagaattgataccgtcaaacatgtcgaaaaggatttctggactggttatactcaagctgctggtgtttacactgttggtgaagttttgga5'

AC-AA

N Y S A D G L R I D T V K H V E K D F W T G Y T Q A A G V Y T V G E V L D2

 1359

tggtgatccagcttatacttgtccatatcaaggttacgttgatggtgttttgaactacccaatctactacccattattgagagccttcgaatcttcttctggttctatgg5'

AC-AA

G D P A Y T C P Y Q G Y V D G V L N Y P I Y Y P L L R A F E S S S G S M2

 1469

gtgacttgtacaacatgattaactctgttgcttccgattgcaaggacccaactgttttgggttctttcatcgaaaaccatgacaatccaagattcgcttcttacaccaag5'

AC-AA

G D L Y N M I N S V A S D C K D P T V L G S F I E N H D N P R F A S Y T K2

 1579

gatatgtctcaagctaaggccgttatttcctacgttattttgtctgatggtatcccaatcatctactccggtcaagaacaacattattctggtggtaatgacccatacaa5'

AC-AA

D M S Q A K A V I S Y V I L S D G I P I I Y S G Q E Q H Y S G G N D P Y N2

 1689

cagagaagctatttggttgtctggttactctactacctccgaattatacaagttcattgctaccaccaacaagatcagacaattggctatttccaaggactcttcttact5'

AC-AA

R E A I W L S G Y S T T S E L Y K F I A T T N K I R Q L A I S K D S S Y2

 1799

XbaI

tgacctctagaaacaacccattctacactgactctaacaccattgctatgagaaaaggttctggtggttctcaagttatcaccgttttgtctaattctggttctaacggt5'

AC-AA

L T S R N N P F Y T D S N T I A M R K G S G G S Q V I T V L S N S G S N G2

 1909

ggttcttacactttgaatttgggtaactctggttactcctctggtgctaatttggttgaagtttacacctgttcctctgttactgttggttctgatggtaaaattccagt5'

AC-AA

G S Y T L N L G N S G Y S S G A N L V E V Y T C S S V T V G S D G K I P V2

 2019

BstXI

tccaatggcttctggtttgccaagagttttggttccagcttcttggatgtctggttctggtttgtgtggttcttcttctactactacattggttactgctaccactactc5'

AC-AA

P M A S G L P R V L V P A S W M S G S G L C G S S S T T T L V T A T T T2

 2129

caactggttcttcatcttctacaactttagctactgctgttactacaccaaccggttcttgtaaaactgctactactgttccagttgttttggaagaatctgtcagaact5'

AC-AA

P T G S S S S T T L A T A V T T P T G S C K T A T T V P V V L E E S V R T2

 2239

tcttacggtgaaaacatcttcatctccggttctattccacaattgggttcttggaatccagataaggctgttgctttatccagttctcagtacacttcttctaatccatt5'

AC-AA

S Y G E N I F I S G S I P Q L G S W N P D K A V A L S S S Q Y T S S N P L2

 2349

gtgggctgttactttggatttgccagttggtacttctttcgagtacaagttcttgaagaaagaacaaaacggtggtgttgcttgggaaaatgatccaaatagatcataca5'

AC-AA

W A V T L D L P V G T S F E Y K F L K K E Q N G G V A W E N D P N R S Y2

 2459

NotIBamHISphI

ctgttccagaggcatgcgctggtacttctcaaaaagttgattcttcttggagataaggatcctgcggccgc5'

AC-AA

s...

T V P E A C A G T S Q K V D S S W R . G S C G R2
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Figure 35. pENTR(PGK1-AC-AA) 
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Figure 36. Synthetic yeast-codon optimized amyE$4A5 variant fragment from GeneScript. 

EcoRISpeI

ACTAGTGAATTCATACACAATATAAACGATTAAAAGAATGAGATTCCCTTCCATTTTTACAGCCGTCTTATTCGCCGCCTCCTCCGCATTGGCAGAAACC5'

mf(alpha) signal sequence amy...pro

L V N S Y T I . T I K R M R F P S I F T A V L F A A S S A L A E T2

 100

GCTAACAAGTCTAACGAAGCAACAGCACCATCCATCAAAAGTATGACCATTTTACATGCCTGGAACTGGTCCTTTAACACTTTGAAGCATAACATGAAGG5'

amyE pro amyEDS4A5

yAmyE

A N K S N E A T A P S I K S M T I L H A W N W S F N T L K H N M K2

 200

ACATTCACGATGCCGGTTATACCGCTATACAAACTTCTCCAATCAACCAAGTTAAAGAAGGTAATCAAGGTGACAAGAGTATGTCTAACTGGTATTGGTT5'

amyEDS4A5

yAmyE

D I H D A G Y T A I Q T S P I N Q V K E G N Q G D K S M S N W Y W L2

 300

DraI

ATACCAACCTACATCCTACCAAATCGGTAACAGATACTTGGGTACTGAACAAGAGTTTAAAGAAATGTGTGCTGCTGCTGAAGAATATGGTATTAAGGTC5'

amyEDS4A5

yAmyE

Y Q P T S Y Q I G N R Y L G T E Q E F K E M C A A A E E Y G I K V2

 400

ATAGTTGACGCAGTATTAAACCATACTACATCTGATTACGCTGCAATTTCTAACGAAGTCAAGTCAATCCCAAATTGGACACATGGTAACACCCCTATTA5'

amyEDS4A5

yAmyE

I V D A V L N H T T S D Y A A I S N E V K S I P N W T H G N T P I2

 500

AGAATTGGTCTGACAGATGGGATGTTACTCAACACTCATTGTTAGGTTTGTATGATTGGAATACTCAAAACACACAAGTACAATCTTACTTGAAGAGATT5'

amyEDS4A5

yAmyE

K N W S D R W D V T Q H S L L G L Y D W N T Q N T Q V Q S Y L K R F2

 600

TTTAGATAGAGCATTGAATGACGGTGCCGATGGTTTTAGATTCGATGCCGCTAAGCATATTGAATTACCAGATGACGGTTCTTATGGTTCACAATTTTGG5'

amyEDS4A5

yAmyE

L D R A L N D G A D G F R F D A A K H I E L P D D G S Y G S Q F W2

 700

BstXISspISspI

CCTAATATTACCAACACTTCTGCTGAATTTCAATACGGTGAAATATTGCAAGACTCAGTTTCCAGAGATGCAGCCTATGCCAACTACATGGATATAACAG5'

amyEDS4A5

yAmyE

P N I T N T S A E F Q Y G E I L Q D S V S R D A A Y A N Y M D I T2

 800

AatII

CTTCAAACTACGGTTACTCCATCAGAAGTGCATTGAAAAATAGAAACTTGGGTGTTTCTAACATATCACATTATGCTGTAGACGTCTCCGCAGATAAGTT5'

amyEDS4A5

yAmyE

A S N Y G Y S I R S A L K N R N L G V S N I S H Y A V D V S A D K L2

 900

AGTTACTTGGGTAGAAAGTCACGATACATACGCTAATGATGACGAAGAATCCACTTGGATGAGTGATGACGATATTAGATTAGGTTGGGCAGTCATTGCT5'

amyEDS4A5

yAmyE

V T W V E S H D T Y A N D D E E S T W M S D D D I R L G W A V I A2

 1000

TCAAGATCAGGTTCAACACCATTGTTTTTCTCAAGACCAGAAGGTGGTGGTAATGGTGTTAGATTTCCAGGTAAATCCCAAATCGGTGACAGAGGTAGTG5'

amyEDS4A5

yAmyE

S R S G S T P L F F S R P E G G G N G V R F P G K S Q I G D R G S2

 1100

CATTATTTGAAGATCAAGCTATTACTGCTGTTAATAGATTCCATAACGTTATGGCTGGTCAACCAGAAGAATTGTCAAACCCTAACGGTAACAACCAAAT5'

amyEDS4A5

yAmyE

A L F E D Q A I T A V N R F H N V M A G Q P E E L S N P N G N N Q I2

 1200

TTTTATGAATCAAAGAGGTTCTCACGGTGTTGTATTAGCTAACGCAGGTTCTTCATCCGTATCAATCAATACAGCTACCAAATTGCCTGACGGTAGATAT5'

amyEDS4A5

yAmyE

F M N Q R G S H G V V L A N A G S S S V S I N T A T K L P D G R Y2

 1300

GATAACAAGGCCGGTGCTGGTTCTTTCCAAGTTAATGATGGTAAATTAACTGGTACTATCAACGCTAGAAGTGTCGCCGTATTGTATCCTGACTGATAAG5'

amyEDS4A5

yAmyE

D N K A G A G S F Q V N D G K L T G T I N A R S V A V L Y P D . .2

 1400

NotIBamHI

GATCCTGCGGCCGC5'

G S C G R2
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Query  20    ATAPSIKSMTILHAWNWSFNTLKHNMKDIHDAGYTAIQTSPINQVKEGNQGDKSMSNWYW  79 

             +TAPSIKS TILHAWNWSFNTLKHNMKDIHDAGYTAIQTSPINQVKEGNQGDKSMSNWYW 

Sbjct  1     LTAPSIKSGTILHAWNWSFNTLKHNMKDIHDAGYTAIQTSPINQVKEGNQGDKSMSNWYW  180 

 

Query  80    LYQPTSYQIGNRYLGTEQEFKEMCAAAEEYGIKVIVDAVLNHTTSDYAAISNEVKSIPNW  139 

             LYQPTSYQIGNRYLGTEQEFKEMCAAAEEYGIKVIVDAV+NHTTSDYAAISNEVKSIPNW 

Sbjct  181   LYQPTSYQIGNRYLGTEQEFKEMCAAAEEYGIKVIVDAVINHTTSDYAAISNEVKSIPNW  360 

 

Query  140   THGNTPIKNWSDRWDVTQHSLLGLYDWNTQNTQVQSYLKRFLDRALNDGADGFRFDAAKH  199 

             THGNT IKNWSDRWDVTQ+SLLGLYDWNTQNTQVQSYLKRFLDRALNDGADGFRFDAAKH 

Sbjct  361   THGNTQIKNWSDRWDVTQNSLLGLYDWNTQNTQVQSYLKRFLDRALNDGADGFRFDAAKH  540 

 

Query  200   IELPDDGSYGSQFWPNITNTSAEFQYGEILQDSVSRDAAYANYMDITASNYGYSIRSALK  259 

             IELPDDGSYGSQFWPNITNTSAEFQYGEILQDS SRDAAYANYMD+TASNYG+SIRSALK 

Sbjct  541   IELPDDGSYGSQFWPNITNTSAEFQYGEILQDSASRDAAYANYMDVTASNYGHSIRSALK  720 

 

Query  260   NRNLGVSNISHYAVDVSADKLVTWVESHDTYANDDEESTWMSDDDIRLGWAVIASRSGST  319 

             NRNLGVSNISHYA DVSADKLVTWVESHDTYANDDEESTWMSDDDIRLGWAVIASRSGST 

Sbjct  721   NRNLGVSNISHYASDVSADKLVTWVESHDTYANDDEESTWMSDDDIRLGWAVIASRSGST  900 

 

Query  320   PLFFSRPEGGGNGVRFPGKSQIGDRGSALFEDQAITAVNRFHNVMAGQPEELSNPNGNNQ  379 

             PLFFSRPEGGGNGVRFPGKSQIGDRGSALFEDQAITAVNRFHNVMAGQPEELSNPNGNNQ 

Sbjct  901   PLFFSRPEGGGNGVRFPGKSQIGDRGSALFEDQAITAVNRFHNVMAGQPEELSNPNGNNQ  1080 

 

Query  380   IFMNQRGSHGVVLANAGSSSVSINTATKLPDGRYDNKAGAGSFQVNDGKLTGTINARSVA  439 

             IFMNQRGSHGVVLANAGSSSVSINTATKLPDGRYDNKAGAGSFQVNDGKLTGTINARSVA 

Sbjct  1081  IFMNQRGSHGVVLANAGSSSVSINTATKLPDGRYDNKAGAGSFQVNDGKLTGTINARSVA  1260 

 

Query  440   VLYPD  444 

             VLYPD 

Sbjct  1261  VLYPD  1275 
 

 
 
Figure 37. Amino acid sequence alignment (tBLASTn) of yeast encoded B. subtilis AmyE 

variant $4A5 (Query) with translated nucleotide sequence of Genebank accession number 
JA365527.1 (Sbjct). Engineered residues are highlighted in yellow. The 19 aa N-terminal 
secretion signal peptide encoded from the endogenous S. cerevisiae MF(ALPHA)1 gene is not 
shown. 
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Figure 38. Plasmid pRS316-mfass-yAmyE. 
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TGGCAATCTCGAGTTAATTAACAGTCGGCACGGATGAAAGGTGACAAACGCCTAGCCGCCGGAGCCTGCCGGTACCGGCTTGGCTTCAGTTGCTGATCTCGGCGCGGAAAAATCAGC

GCCCCACGCCAAAAGGTTCGTATTTTTTCTTTTTTTTTCTAATCTTCCATCTATTCGGTAGCGATGATTCATTTCTCTGAAAAAAAAAAAAAAAAAAAAAAATGAAAAAGAATATTT

TTTTGATGAACTTGTATTTCTCTTATCTGGTTGATATATATGCTATCATTTATTTTCTTATCAAGTTTCCAAATTTCTAATCCTTTCTCCACCATCCCTAATTAATAATTCAGATCT

ACGTCACACCGTAATTTGTATTGTTTTTTTCCTTCATTGTCTAAAACCGAAGAATTCATCAGCCACAGTTACTAGTTCATTTGAAGCGAAATTACACACATTTTCCCTGTTACAATA

GAAAGTATTTTACAAAATCTAAACCCTTTGAGCTAAGAGGAGATAAATACAACAGAATCAATTTTCAAATGATCAGACAATCTACGCTAAAAAACTTCGCTATTAAGCGTTGCTTTC

AACATATAGCATACCGCAACACACCTGCCATGAGATCAGTAGCTCTCGCGCAGCGCTTTTATAGTTCGTCTTCCCGTTATTACAGTGCGTCTCCATTACCAGCCTCTAAAAGGCCAG

AGCCTGCTCCAAGTTTCAATGTTGATCCATTAGAACAGCCgGCTGAACCTTCAAAATTGGCTAAGAAACTACGCGCTGAGCCTGACATGGATACCTCTTTCGTCGGTTTAACTGGTG

GTCAAATATTTAACGAAATGATGTCCAGACAAAACGTTGATACTGTATTTGGTTATCCAGGTGGTGCTATCCTACCTGTTTACGATGCCATTCATAACAGTGATAAATTCAACTTCG

TTCTTCCAAAACACGAACAAGGTGCCGGTCACATGGCAGAAGGCTACGCCAGAGCTTCTGGTAAACCAGGTGTTGTCTTGGTTACTTCTGGGCCAGGTGCCACCAATGTCGTTACTC

CAATGGCAGATGCCTTTGCAGACGGGATTCCAATGGTTGTCTTTACAGGGCAAGTCtCAACTAGTGCTATCGGTACTGATGCTTTCCAAGAGGCTGACGTCGTTGGTATTTCTAGAT

CTTGTACGAAATGGAATGTCATGGTCAAGTCCGTGGAAGAATTGCCATTGCGTATTAACGAGGCTTTTGAAATTGCCACGAGCGGTAGACCGGGACCAGTCTTGGTCGATTTACCAA

AGGATGTTACAGCAGCTATCTTAAGAAATCCAATTCCAACAAAAACAACTCTTCCATCAAACGCACTAAACCAATTAACCAGTCGCGCACAAGATGAATTTGTCATGCAAAGTATCA

ATAAAGCAGCAGATTTGATCAACTTGGCAAAGAAACCTGTCTTATACGTCGGTGCTGGTATTTTAAACCATGCAGATGGTCCAAGATTACTAAAAGAATTAAGTGACCGTGCTCAAA

TACCTGTCACCACTACTTTACAAGGTTTAGGTTCATTCGACCAAGAAGATCCAAAATCATTaGATATGCTTGGTATGCACGGTTGTGCTACTGCCAACCTGGCAGTGCAAAATGCCG

ACTTGATAATTGCAGTTGGTGCTAGATTCGACGACCGTGTCACTGGTAATATTTCTAAATTCGCTCCAGAAGCTCGTCGTGCAGCTGCCGAGGGTAGAGGTGGTATTATTCATTTCG

AGGTTAGTCCAAAAAACATAAACAAGGTTGTTCAAACTCAAATAGCAGTGGAAGGTGATGCTACGACCAATCTGGGCAAAATGATGTCAAAGATTTTCCCAGTTAAGGAGAGGTCTG

AATGGTTTGCTCAAATAAATAAATGGAAGAAGGAATACCCATACGCTTATATGGAGGAGACTCCAGGATCTAAAATTAAACCACAGACGGTTATAAAGAAACTATCCAAGGTTGCCA

ACGACACAGGAAGACATGTCATTGTTACAACGGGTGTGGGGCAACATCAAATGTGGGCTGCTCAACACTGGACATGGAGAAAcCCACATACTTTCATCACATCAGGTGGTTTAGGTA

CGATGGGTTACGGTCTCCCTGCCGCCATCGGTGCTCAAGTTGCAAAGCCAGAATCTTTaGTTATTGACATTGATGGTGACGCATCCTTTAACATGACTCTAACGGAATTGAGTTCTG

CCGTTCAAGCTGGTACTCCAGTGAAGATTTTGATTTTGAACAATGAAGAaCAAGGTATGGTcACTCAATGGCAATCCCTGTTCTACGAACATCGTTATTCCCACACACATCAATTGA

ACCCTGATTTCATAAAACTAGCGGAGGCTATGGGTTTAAAAGGTTTAAGAGTCAAGAAGCAAGAGGAATTGGACGCTAAGTTGAAAGAATTCGTTTCTACCAAGGGCCCAGTTTTGC

TTGAAGTGGAAGTTGATAAAAAAGTTCCTGTTTTGCCAATGGTGGCAGGTGGTAGCGGTCTAGACGAGTTCATAAATTTTGACCCAGAAGTTGAAAGACAACAGACTGAATTACGTC

ATAAGCGTACAGGCGGTAAGCACTGAATTTCAAAAACATTTATTTCAAAAGCATTTTCAGTAAAAAATGCAGACTTTATTATTATTTAATCGTGCTTCTTATATATGACATTCTACC

AAATCGGTAGTCATGTATATTTTTTTCGTATATACTTTATATATTTTTTTCTAAAAAACTAATGACGGCTAAAATTAAGTCATAGATGAATAATAAGTTCAATTCAAGTGAGTTGGT

AGTATTTGATAAATCTGAGCTCTTGAGG 

 

Figure 39. Complete sequence of engineered ILV2 variant allele. ILV2 coding sequence is in red. 
Nucleotide changes relative to S288c are in lower case. Position of codon change for base 
substitution is underlined and in blue. Extra sequences introduced by PCR primers are 
underlined and in black.  
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Figure 40. Plasmid pX(Delta-fAEpAE-ilv2). 
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Figure 41. Southern blot analysis of glucoamylase and alpha-amylase co-expression strains.  
Lane order:  

1) Roche DIG- labeled Ladder 
2) A02 (alternate to A10) 
3) A10 
4) 91D (Rhizopus amylase co expressing strain based on FG56 8E7) 
5) 106D (Rhizopus amylase co expressing strain based on FG56 8E7) 
6) 14D (Rhizopus amylase co expressing strain based on FG56) 
7) 16D (Rhizopus amylase co expressing strain based on FG56) 
8) FGGZ (FerMax Gold with glycerol deleted) 
9) FG56 (- control) 
10) FG3E (+control)  
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Appendix 4: Identification Kit – S. cerevisiae 3457 
 

1. Introduction 
 
The methods in this document are designed to allow one to determine whether an unknown yeast strain is 

the engineered glucoamylase expressing S. cerevisiae strain A10, or not.  To aid in identification, one can 

use a combination of morphological and molecular characteristics of the production organism.  The strain 
has the following key identifying characteristics, 

 

1. The strain grows on synthetic minimal medium containing chlorimuron, forming round 
colonies of white color on agar plates. 

2. The strain forms clearing zones on agar medium containing the Phadebas reagent, a 
biochemical substrate used for detection of alpha amylase activity. 

3. The Bacillus subtilis alpha amylase 4A5 coding sequence, optimized for S. cerevisiae is 
fused to the coding sequence of S. cerevisiae Mfalpha secretion signal peptide.  The 
resulting fusion open reading frame is fused to both the S. cerevisiae FBA1 promoter and 
terminator, and the S. cerevisiae PGK1 promoter and FBA1 terminator. The expression 
cassette contains both of these fusions. This expression cassette is integrated into the 
chromosomal DNA of S. cerevisiae A10, resulting in the final strain A10. 

 

These identifying characteristics can be used to distinguish the CS4 and AmyE$4A5 producing organism 
from other fungi.  The steps involved in characterization are described below.  The two growth 
characteristics provide a phenotypic characterization.  If the unknown fungal strain fails to produce the 
expected result with the first 2 characteristics, then it can be concluded that it is not the CS4 and 
AmyE$4A5 producing S. cerevisiae A10.  If it does match the first 2 characteristics and it is desired to 
confirm that the strain is S. cerevisiae A10, then one should proceed with the molecular characterization.  
Note that phenotypically S. cerevisiae A10 is indistinguishable from other engineered glucoamylase and 
alpha amylase secreting S. cerevisiae strains. Only the third, molecular test can distinguish these different 
amylase production strains. If the unknown strain matches all of the above characteristics, both 
morphological and molecular, it can be concluded that it is the S. cerevisiae A10. 

 

2. Materials and Methods  
 
2.1 Strains 

Negative Control Parental Strain:  S. cerevisiae FerMaxTM Gold, S. cerevisiae A10 
Production strain:  S. cerevisiae A10 

 
2.2 Media 

Synthetic minimal medium (SD) - used to culture the organism for phenotypic characterization.  
     Per Liter 
BD Difco Yeast nitrogen base    6.7 g 
Glucose     20 g 
Bacto agar     20 g 

Combine Bacto agar with 900 ml of water. Autoclave. Dissolve Yeast nitrogen base, glucose, and urea in 
100 ml water. Combine with Bacto agar while still hot. Pour into empty plates.  

 

 Chlorimuron agar plate – used as differentiation medium 
     Per Liter 



Danisco US, Inc. 
MCAN TS0VSMC9 

 
Page 108 of 116 

BD Difco Yeast nitrogen base    1.7 g 
Glucose     20 g 
Urea     5g 
Chlorimuron ethyl    10 mg 
Bacto agar     20 g 

Combine Bacto agar with 900 ml of water. Autoclave. Dissolve Yeast nitrogen base, glucose, and urea in 
100 ml water. Combine with Bacto agar while still hot. Add chlorimuron ethyl and mix well.  
 

Phadebas agar plate – used as differentiation medium 
     Per Liter 
BD Difco Yeast nitrogen base    6.7 g 
Glucose     20 g 
Bacto agar     20 g 
Phadebas tablets    40 tablets  
 

Combine Bacto agar with 900 ml of water. Autoclave. Dissolve Yeast nitrogen base, glucose, and urea in 
100 ml water. Filter sterilize. While agar is freshly out of the autoclave, add filter sterilized mixture and 
Phadebas tablets. Mix well, as Phadebas tablets are not soluble. Best results are obtained when Phadebas 
agar is used as an overlay. 

 
YPD Agar – used to grow strains for genomic DNA. 
     Per 1 liter 
Yeast extract    10 g 
Bacto peptone    20 g 
Glucose     20 g 
Bacto agar     20 g 
 
Bring to volume with MilliQ water. Autoclave. 

 
2.3. Morphological and Physiological Characterization 
 
Determination of Colony Morphology 

1. Label sections of a YNB plate for each strain to be compared.   

2. Inoculate, using a small scraping of a colony of A10. 
3. Repeat with the FerMaxTM Gold strain and A10 strain. 

4. Inoculate the unknown fungus as above. 
5. Incubate at 30 °C for 3 days. 

 

Determination of Growth on chlorimuron ethyl  

1. Using a sterile toothpick, inoculate a SD chlorimuron ethyl agar plate with a small scraping of A10 

colony.  
2. Repeat with the S. cerevisiae FerMaxTM Gold and A10 negative control strains. 

3. Repeat with the unknown fungus. 
4. Incubate at 30°C for 3 days. 

 
Determination of Growth and Substrate Clearing 
 

1. Label separate areas of Phadebas plate where each strain is going to be tested. 
2. Using a sterile toothpick, inoculate the Phadebas plate with a small scraping of A10 colony.  
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3. Repeat with the S. cerevisiae FerMaxTM Gold and A10 negative control strains. 

4. Repeat with the unknown fungus. 
5. Incubate at 30°C for 4 days. 

 
2.4 Molecular Biology Characterization   
Chromosomal DNA Extraction and Purification. 
Either amplify DNA using an extraction kit or follow the steps below 

1. Grow strains overnight on YEPD agar.  

2. Resuspend a loopful of cells in water, then gently pellet and discard supernatant.  

3. Resuspend in 1 ml of Tris-buffered, pH7.5 1.2M sorbitol, with 50mM DTT. Incubate 30 minutes. 

4. Add 10 ul of 12mg/ml Zymolase in 50% glycerol and incubate for two hours.  

5. Pellet cells at 211 g (1.5k RPM on an Eppendorf 5424 24-place fixed angle rotor) for 10 minutes. 

Remove supernatant. 

6. Lyse cells with 500 ul of SDS in Tris-EDTA buffer. Add 500 ul of 4.2M guanidinium 

hydrochloride, 0.9M potassium acetate, pH 4.8 buffer, and vortex thoroughly. 

7. Centrifuge at 15800g (13k RPM on previously mentioned centrifuge) for 10 minutes.  

8. Pipet supernatant into fresh tube and add an equal volume of isopropanol. 

9. Centrifuge at 15800g for 10 minutes, discard supernatant.  

10. Wash pellet in 100% ethanol, and air-dry.  

11. Resuspend DNA pellet in 100ul of 10mM Tris-EDTA buffer, with 1ul of added RNAse.  

PCR primers 

 For detection of the AmyE$4A5 expression cassette integration: 
 

Primer name Sequence 

ID3 FBA F1 ccgttagacaacatgaggg 

ID3 PGK R1 gctaggaccttgttgtgtgacg 

 
 For detection of DNA within prepared sample 

Primer name Sequence 

nu-SSU-0817-5* ttagcatggaataatrraatagga 

nu-SSU-1536-3* attgcaatgcyctatcccca 

*Borneman, J., & Hartin, R. J. (2000). PCR Primers That Amplify Fungal rRNA Genes from Environmental Samples. Applied and 

Environmental Microbiology, 66(10), 4356–4360.  

 
Polymerase Chain Reaction (PCR) procedure 

This protocol is to be used with purified chromosomal DNA. Each strain, the negative control strains 

A10 or FerMaxTM Gold, the positive control strain A10, and the unknown(s) should be tested for 

amplification. 
 
For each sample to be tested, prepare three PCR reactions to test each set of primers. Mix the following 
components in a PCR tube: 

Reagent Amount in microliters 

H2O 83 

10x PfuUltra Rxn buffer 10 
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10 mM dNTP mix  4 

DNA template from DNA extraction 1 

forward primer (250 µM) 0.5 

reverse primer (250 µM) 0.5 

PfuUltra II Fusion HS DNA Polymerase 1 

Total 100 

 
Place the tube in a pre-programmed thermal cycler. 
Program the automated thermal cycler according to manufacturers’ instructions for the following 
program: 
1. 95°C � 2 min 

2. 94°C � 15 sec 

3. 60°C � 20 sec 

a. Decrease by 0.5°C each cycle 

4. 72°C � 90 sec 

5. Go to step 2, repeat x10 

6. 94°C � 15 sec 

7. 51°C � 20 sec 

8. 72°C � 90 sec 

9. Go to step 2; repeat x18 

10. 72°C � 3 min 

Electrophoresis of DNA samples 
To analyze the DNA products, mix 10 µl of the PCR reaction with 10 µl of water. Load PCR mixture 
and Molecular Weight Marker (1 kb ladder) into the wells of a 1.2 % E-gel (Life Technologies), using a 
pipettor. With E-gel connected to the power supply, run for 30 minutes at 125V. Visualize using a UV 
lamp. 

 

3. Expected Results for the glucoamylase producing yeast strain A10 
 
3.1 Colony Characteristics 
On SD plates, production strain S. cerevisiae A10 grows normally with typical morphology of yeast colony 
at 30ºC. The shape of the colony is round and the color is white.  The parental strain S. cerevisiae A10  
looks similar to A10.  See Figure 1.   
 
3.2 Growth on chlorimuron 
S. cerevisiae A10 will grow robust colonies on amino acid-free minimal media containing 10ug/ml of 
chlorimuron ethyl. Negative control strains A10 and FerMaxTM Gold will not, though occasional 
background colonies will grow. See Figure 2. 
 
3.3 Clearings on Phadebas containing media 
A10 over-expressing the engineered alpha amylase AmyE$4A5 will break down the Phadebas substrate in 
the Phadebas plates, releasing a blue dye and forming ‘halos’ around the colony. The negative control 
strains A10 and FerMaxTM Gold will grow but not form any such halo. See Figure 3.    
 
3.4 PCR Confirmation   
The first primer pair, described above, will amplify a DNA fragment 870 bp long, exclusive to the 
expression cassettes in A10, but will produce no PCR products with negative control strains A10 and 
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FerMaxTM Gold. The second primer pair, described above, is a universal primer for rRNA sequences in 
fungi. It will amplify a DNA fragment 762 bp long in Saccharomyces cerevisiae. It is included as a positive 
control for DNA. See Figure 4. 
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FIGURES 
 

Figure 1. Growth of strains on minimal media plates 
 

 
 
Cells were streaked out onto YPD plates and left to grow for 2 days at 30C. 
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Figure 2. Growth of strains on YNB Phadebas plates 

 
 
Cells were streaked out onto YNB Phadebas plates and left to grow for 2 days at 30C. FG 56 and Fermax 
gold both grow, but note the absence of ‘halo’, or release of blue dye.  
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Figure 3. Growth of strains on YNB Chlorimuron plates. A10 and FerMaxTM Gold do not grow.  
 

 
 
Cells were streaked out onto YNB Chlorimuron plates and left to grow for 2 days at 30C.  Note that there 
may be small amounts of background growth in the negative controls.
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Figure 4.  PCR products obtained with primer pairs ID3 FBA-F1/ID3 PGK R1 (860 bp), nu-SSU-1536-3/ 
nu-SSU- 0817-5 (762bp) using yeast genomic DNA.  
 

   

 

 
 
 
Lanes 1 is the DNA ladder λ phage DNA digested with PstI. Sizes are annotated.  
Lanes 2- 4 are PCR products with the primers ID3 FBA F1/  ID3 PGK R1.  
Lanes 6- 8 are PCR products with primers nu-SSU-1536-3/ nu-SSU-0817-5. 
 
Lane 5 is empty 
 
Lanes 2 and 6 used A10 genomic DNA as template 
Lanes 3 and 7 used A10 genomic DNA as template 
Lanes 4 and 8 used FerMaxTM Gold genomic DNA as template 
 
Lanes 9-12 are empty 
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Appendix 5: Process Map for Production of Ethanol 
 

 


